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models were used for the evaluation. The first, a conducting cylinder
with one open end; the other, the guidance section of a missile. Each
of these two configurations was modeled to calculate the electromagnetic

field ocupled into the structure.
The following specific questfiowwere addressed during this program:
1. Can the FD-TD method accurately model electromagnetic coupling

into a conducting structure for arbitrary angles of incidence and
arbitrary wave polarization?

2. Can the FD-TD method accurately model a complex structure with

both irregular-shaped apertures and dielectric or permeable materials
within the interior?

3. Can the FD-TD method predict the voltage, current, or power that
the coupled field may indice on wires or cable bundles inside of a metal
structure?

4. What are the size limits of an object that can be modeled using
the FD-TD method?

5. What is the capability of the FD-TD method to interface with
other analysis techniques, such as "Method of Moments?

Overall, this program showed that the FD-TD method can be success-

fully applied to electromagnetic coupling problems involving conducting
-structures with hole and sleeve-type apertures illuminated by a plane
wave having an arbitrary polarization and angle of incidence. Further,
the FD-TD method can be applied to complex cavity-like structures having
internal metal and dielectric materials, as well as connecting wires.
Accuracy of the FD-TD results was very good relative to the uncertainties
of available experimental and numerical-theory approaches. Convergence
of the leectromagnetic fields to the sinusoidal steady state occurred
within about 3 cycles of the incident wave when a slight value of iso-
tropic loss was assigned to the interior of the structures modeled. This

resulted in program central processor times of less than 5 minutes for
FD-TD lattices containing as many as 1.5 million unknowns time-stepped to

nmax = 800 using the Control Data STAR-100 and Cyber 203 computers.
This program also established the feasibility of a hybrid MOM/FD-TD

analysis technique based upon the use of Schelkunoff's equivalent
electric current theorem at apertures of a cavity. This hybrid technique
was shown to give consistent results for apertures strongly coupled to

internal wires or other metal and dielectric structures.
This program has shown that the pure FD-TD and hybrid MOM/FD-TD

methods have great promise for applications involving complex conducting
and dielectric structures illuminated by plane waves at arbitrary angles
of incidence and polarization. Further, great promise is shown for those
structures that are simultaneously electrically large compared to a wave-
length and penetrated by locally complex cavity-backed apertures having
dimensions comparable to a wavelength. Such structures requiring
resolution of both large and small details at the same time have not been
well treated by any one previous analytical or numerical approach.
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PREFACE

IIT Research Institute (IITRI) is pleased to submit this Final Report on

"Evaluation of Time Domain Electromagnetic Coupling Techniques" to Rome Air

Development Center (RADC/RBCT). The report covers work performed by IITRI

under Air Force Contract No. F30602-79-C-0039, designated as IITRI Project

No. E6461. The report is in two volumes. Volume 1 covers details of the

technical work, including relevant theory and numerical results. Volume 2

provides listings of the Fortran computer programs used to obtain the results

of Volume 1.

The principal investigator on this program was Dr. Allen Taflove, with

support provided by Dr. Korada Umashankar of IITRI on Task 5; Mr. Neil

Robertson of IITRI on data reduction and contour map plotting; and Prof.

Donald Wilton and Dr. Allen Glisson of the University of Mississippi on com-

putation of frequency-domain data for checking of results and for Task 5.

The project duration was 7 December 1978 to 29 February 1980.
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lIT RESEARCH INSTITUTE

Allen Taflove, Ph.D.
Research Engineer
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VOLUME 2 - LISTINGS OF FORTRAN COMPUTER PROGRAMS

1.0 INTRODUCTION

This volume documents the FD-TD computer programs written during the

present research effort. Included are listings of the programs for the fol-

lowing problems:

A. Penetration of a 19.0 cm diameter, 68.5 cm long, open-ended

aluminum cylinder by a 300 MHz plane wave at broadside

incidence and TE polarization (Section 3.1 of Volume 1);

B. Same as Problem A, but for TM polarization (Section 3.2 of Volume 1);

C. Penetration of a 12.8 cm diameter, 28 cm long, missile guidance

section by a 300 MHz plane wave at axial incidence, for the case

of the interior dielectric components modeled (Section 4.1 of

Volume 1);

0. Same as Problem C, but for the case of the interior dielectric

and metal components and wires modeled (Section 4.2 of Volume 1);

E. Hybrid method of moments/FD-TD analysis of penetration of a 19.0

cm diameter, 68.5 cm long, open-ended aluminum cylinder by a

300 MHz plane wave at axial incidence (Section 7.4.1 of Volume 1);

F. Same as Problem E, but for TM polarization of the incident wave

at 450 incidence relative to the cylinder axis (Section 7.4.2 of

Volume 1);

G. Hybrid method of moments/FD-TD analysis of loaded missile guidance

section of Problem D (Section 7.4.3 of Volume 1).

(1



The computer program listings for Problems A and B were run without

requiring any data cards, since the descriptions of the cylinder geometries

employed are contained within the programs. Program listings for Problems

C, D, E, F, and G required data-cards decks of sizes 720 cards, 720 cards,

72 cards, 72 cards, and 528 cards, respectively, to specify the interaction

geometry. The data-card format for these programs is summarized in Section

3.1 of this volume. Further, program listings for Problems E, F, and G

required data-card decks of sizes 144 cards, 288 cards, and 225 cards, re-

spectively, to specify the aperture excitation for the hybrid method of

moments/FD-TD approach. The data-card format for this specification is sum-

marized in Section 3.2 of this volume.

All FD-TD computer programs were written using STAR Fortran Version 2.1

for processing by the Control Data STAR-100 or Cyber 203 computer systems

under the 1.2 operating system. This Fortran version contains certain exten-

sions to ANSI standard Fortran [1] that permit usage of the vector processing

capabilities of these computers. The reader is referred to the STAR Fortran

Manual for detailed discussion of these features [2].
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2.0 FD-TD PROGRAM LISTINGS

In each of the programs of this section, FREQ : 3.0 E + 8 denotes the

operating frequency, f = 300 MHz; DX denotes the lattice cell size, 6 (in

meters); MPR denotes the total number of media within the model; DATA EPS

and DATA SIG give the assumed relative dielectric constant and conductivity

(mhos/m) of each medium; and NMAX gives the number of the last time step of

the algorithm.

2.1 Problem A -- Task 1, Case 1

ASection 3.1 of Volume 1)

The following 11 pages list the computer program for the 159 x 64 x 24

cell -- 800 time step run of Problem A. The problem solved is penetration of

a 19.0 cm diameter, 68.5 cm long, open-ended aluminum cylinder by a 300 MHz

plane wave at broadside incidence and TE polarization.

3



PROGRAM FDTD(INPUTOUTPUTTAPE6OlNPUTPTAPES8TAPE8)
C
C RUN TASK1-- STEADY 300 MHZ PLANE WAVE IRRADIATION OF A
C 19.0 CM DIAMETER, 68.5 CM LONG, OPEN-ENDED
C ALUMINUM CYLINDER
C CASE I- TE POLARIZATION OF THE INCIDENT WAVE
C BROADSIDE INCIDENCE
C INCIDENT WAVE COMPONENTS EZ AND HX
C 159 X 64 X 24 CELL CUBIC SPACE LATTICE IS USED
C UNIT CELL DIAMETER - DX - 0.5 CM a WAVELENGTH/ZOO
C EVEN SYMMETRY ABOUT LATTICE PLANE Z a 24*DX IS ASSUMED
C SOFT TEN WAVE SOURCE CONDITION IS USED AT PLANE Y a 3*O*DX
C SOFT LATTICE TRUNCATIONS ARE USED
C PROGRAM IS OPTIMIZED FOR THE CDC STAR-100
C

REAL MURMUZ
DIMENSION A(24225001# AI(3840)#A2(3840)pAAL(384O),
I AAR( 3840), 00(160) ,AL (24 ),AR(24) .CA(9)*
2 CB(9)PEPS( 3)PSIG(3)p KEXB(19)PKEXC(19)
COMMON A
DESCRIPTOR DlD2s03,D4,HFDPBVPBWPBXPBYAIXAZXAlYA2YA1Z,
1 A2Z
BIT BVBBB(3840) ,BWBBW(3840) ,BXsBBX(3840),BYPBBY( 159)
ASSIGN A1XAl(162;3678)
ASSIGN A2XPA2(162;36?B)
ASSIGN AlYAI(161;367q)
ASSIGN A2YPA2(161;3679)
ASSIGN AIZPA1(1;38391
ASSIGN A2ZpA2(1;3839)
ASSIGN BWPBBW(1;3840)
ASSIGN BXPBBX(1;3840)
ASSIGN BYPBD(1159)
ASSIGN BYBB(1;159)
Ti - SECOND(CP)
PRINT 150p Ti

150 OMTF05
C
C 1.... PROBLEM PARAMETERS.....

FREQ =3oOE#8

DX - 0.005
MPR a 3
DATA EPSI1.0, 1.0, 1.01
DATA SIG/O*0* 3*7E47v 0.01/
NMAX *800

C ________________________________________

C .....CYLINDER GEOMETRY DESCRIPTION.....
--- _DATA KEX3/19,17,15, 13,il1119,9,8,8.7,7,7,6,6,6,6,61

DATA EiC25,19,17,15,13,12,1110,9,9,8,8,717,6,696,6I

C ... I.BASIC AND DERIVED CONSTANTS.....
PI 3*14159Zo5
M';Z 4.0 * PT * 1.OE-7

-,; 8.854E-12 _______________

_________



DT a OX I6.OE.6
NHALF *05 1 FREQ I DT ____ ______

R *DT 2.0 / EPSZ
RA aDT**2-I DX**Z I MIJZ /EP.jZ________________
Rb DT I DX I MUZ
RC a1.0E#4 / R8 _____

RD a2.0 * PI * FREC * OT
IPlUN a 0 __ ____ __ ___

A1(1;3840) a 0.
A2(1;3840) - 0
CA(1;9) a 0.__________

CB(1;9) - 0.
BW - O08VMKO(lP160;BW)________
BX - QBVMKZ(159pl60;BX)
DO 2 Im1lMPR
EAF a R * SIG(I / EPS(I
CAMI a (1.0-EAF) i (1.0.EAF) _______

2 CB(I - PA / EPS(I / (1.04EAF)

C ..... ZERO INITIAL FIELDS*....
DO 3 1*1,65
IDEL - (I-1) * 361900 _ ___ ___ _

3 A(IDEL+1;36900) a 0.
A(2398501;24000) a 0.

C ..... TYPE OF MEDIUM.*...
C ... ANISOTRCP[C LOSSY AIR ....

DO 4 i1.2*64 _____ __ _____

IDEL a (1-1) * 36900
A(IDEL,1;3840) z 3. ____

A(IDELe8161;3840) 3o
4, A(IDEL.16321;3840) I*1

C
C *..**.BROADSIDE CIRCULAR CYLINDER.....

DO 14 1-15*33
IDEL a (I-1) * 36900 _________ _______

KB = KEXB(I-14)
KC - KEXC(I-14)
DO 7 Ku K BKC

7 A(IDEL,124(K-1)*160;137) =2. ___ __ _

A([DEL,817I,(KB-1)*160;138) a 2.________
DO 10 KoKBP24

10 A(IDEL,8308,(K-1)*160) = 2.
C

KC a KEXC(I-I4) - I ___________________

00 12 K=KBKC
12 A(IDfL*16331,(K-1)*I60j138) a 2s ____

KD a KC + 1
DO 13 K=KD,24
A(IDEL+163314(K-1)*160;137) a 3o
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13 A(IDEL4+16468,(K-1)*1_60) 2. ________________

IA a 67 - I __ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

IDELA m (IA-I) * 36900
A(IDE1A41;3840) a A(IDEL+l;3840)
AC IDELA416321; 3840) - AC IDEL+I6321; 3840)

IB a 66 - I__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

IDELB a (18-1) * 36900
14 A(IDEL84BIL3840) a A(IDEL48161;3840)

C
T2 - SECOND(CP)___________________
PRINT 150,12

C ..... IV. TIME-STEPPING LCOP.o..
00 200 Nw1,NMAX ___ _____________

TERM - SIN(FLOAT(N)*ROJ * R8
MCALL a 3 + IFIX(FLOAT(N)/6.0)
IF (MCALL*GT.21)MCALL-21

C *...TRANSVERSE PLAN4E NO. ...
C .....EX0 EZ TRUNCATIONS,,**.

A(4001;4000) a A(1;4C00)
A(1;4000) - A(40901;4000)
A(20321;4000) a A(16321;4000)
A(16321;4C00) a A(57221;4000)

C
C o.....EY ITERATION .....

ASSIGN Dl,.DYN.3679
ASSIGN 02p.DYN.3679
ASSIGN 03#*OYN.3679
A(12161) z 0.5 * (A(16161).A(16162))
A(12162;1571 - 0.333 * (A(16161;157)*A(16162;157)
1 +A(16163;157))
A(12319) - 0.5 * (A(16318)+A(1631911
A116161;159) - A(12321;159)

Dla CAM3 * A(12321;3679)
D2 = A(24641;367q) A(24481;3679) + A(33011;3679)
1 -A(33012;3679)

03 aCB(31 * D2 _________________

A(12321;3679) - Dl 4+0

FREE
C
C .....TRANSVERSF PLANES 2-64.....

DO 82 JY-,MCALL
__ JOEL -(JY-1) * 110700 _______________

C .,...EX ITERATION..*.
ASSIGN Dlp.OYN.3678
AS SI GN DO2pDY N e3 676 _______ ___________

ASSIGN 03.oDYN.3678
ASSIGN._NFD,_.DYN.3678 ________________

ASSIGN BVPBBB(1;3678)
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DO 30 MA=I,3
HaJOEL + 36900*(MA-1)

* C
C .....SOFT LATTICE TRUNCATION*....

A(40902+M) 0 0.5 * (A(4'.902*flI*A(44903*Mll
A(40903.n;1561 a 0.333 * (A(44902.t4:156).A(44903.fl;1561

1 *A(44904+M;1561)
A(410594H) -0.5 * (A(45058.M)+A(45059.Ml)
A(44902+M;158) a A(41062.H;158)

C
C o....MAIN EX LOOPS....

NFO - A(37062.M*;36?8)
DO 22 JJulMPR
BY a NFD*EQ.JJ
AIX a QBVCTRL(CAIJJ)PBV;AIX)

22 A2X a QSVCTRL(CO(JJ),BV;AZX)
Dl a AIX * A(410624M;3678)
02 a A(699124M;3678) -A(33012,Iq;3678) A(65542.N;3678)

I A(65702.M;36781
D3 a A2X *0D2

30 A(41062+M;36781 - DI D 3
FREE

c-
c *....EY ITERATIONo...

ASSIGN Dl,.DYN*3679
ASSIGN 02,.DYN*3679
ASSIGN D3.oDYN*3679

a ASSIGN NFD,.DYN.3679
ASSIGN BVBBB(1;3679)

DO 40 MA=1,93

M - JOEL + 36900*(MA-1)
CrC oooo*SOFr LATTICE TRUNCATIONoo....

A(490614M) * 0.5 * (A(53061411).A(530624M))
A(49062.M;157) 0.333 * (A(53061.N;157).A(53062.M;157)
1 *A( 53063.H;157))
A(49219.M) a 0.5 * (A(53218+M).A(532194H1)
A(530614M;159) - A(49221eM;159)

C
C .....MAIN EY LOOPS...

NFO A(45221.N;3679)
DO 32 JJalIsPR
BV - NFD.EQ*JJ
AlY - QSVCTRL(CA(JJIPBV;AIYI

32 A2Y a Q8VCTRL(CB(JJ),BV;A2Y)
DI a AIY * A(49221+14;3679)
02 w A(61541.M;3679) - A(61381.H;3679) A(6991l.M;36?91

1 - A(69912+M;3679)
03 a A2Y * 02

40 A(492214N;3679) Da + D 3
FREE

c 
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C oo...EZ IrERATION.....
ASSIGN Blo.OYN*3839
ASSIGN D2.oDYN.3839
ASSIGN D3.oDYN.3839
ASSIGN NFDP.DYNo3839
ASSIGN BVPBBB(1;3839)

C
DO 50 MAu1,3
M m JOEL + 36900*(MA-11

C
C ..... MAIN EZ LOOPS.....

NFD A(532214M;3839)
DO 42 JJalvMPR
BV a NFD.EQ.JJ
AlZ - QVCTRL(CA(JJ)POV;AIZ)

42 A2Z a QSVCTRL(CO(JJJ,8V;AZZI
Dl - All * A(5722i.N;3839)
D2 -A(65542.N;3839) - A(6554i.N;3839) + A424'.61.I;3839)

I. - A(6138i.M;3839)
D3 a A2Z * D2
A(57221.N;3639) w DI + 03-

C
C ..... EZ SOFT TEM WAVE SOURCE CONDITION.....

IF(JY*GEo2eOR.NA.LE.2)GO TO047
A(131021;3639) a TERM + A(131021;3839)

C
C o....EZ HOR. PLANE ENVELOPE COMPUTATION.e..

47 04 a VA~S(A(609014-M;1591;041
BY a D4.GT.A(6122i4N;1591

50 A(6122i4M;159) -QSVCTRL(D4,BY;A(61221.M;1591)
C
C ... XITERATION.....

DO 0 60*;Ail*v3
M u JOEL + 36900*(NA-11

C ;;oooMAIN HX LOOPS.....
Dl a A24481+M;3839)
02 a A(i232i.N;3839) -A(izi6i+M;3839) + A(2032i.M;3839)

1 - A(57221.N;3839)
A(24481+M;38391 - 01 02

C
C *o*.HX NOR. PLANE ENVELOPE COMPUTATION.....

04 - ;ABS(A(28i61.N;1591;04)
BY = D4..GT.A(28481.N;i59)

60 A(284.11.M;159) a 08VCTRL(D4,BY;A(284slN;15)
FREE

C ... HY ITERATION.....
ASSIGN D,.DYN.3838

ASSIGN D2,.DYN*3638

M a JODEL 4 36900*(MA-i)__

8



C
C *....SOFT LATTICE TRUNCATIONS.....
C eoo..LEFT TRUNCATION.....

ALM) a 0.5 * IA(69541.N)4A(69542.Ml)
AL(2;22) a 0.333 * (A(6954l4N;22)4A(695424M;22)

1 *A(695434N;221)
AL(24) a 0.333 * (A(69563+M)42.0*A(69564.M))
AAL(1;3840) - Q8VXPND(AL(1;24dBW;AAL(1;3840)
A(695414M;24) a g8VCMPRS(A(65542.M; 38'.0)BW;A(69541.PI;24))

C
C o.o..RIGHT TRUNCATION. ....

ARMl a 0.5 * (A(695664M)*A(69567.M))
AR(2;22) a 0.333 * (A(69566+M;22)+A(69567.M;2Z)
1 *A(695684PA;22))
AR(24) - 0.333 * (A(69588+M)42.0*A(69589-N))
AAR(1 ;3840) a 08VXPND(AR(1;24),BX;AAR( 1;3840))
A(69566efl;24) - Q8VCMPRS(A(65540.M;3840),BX;A69566N;24)

C ... ooMA[N HY LOOPS....
01 a A(65542+M33838)
02 - A(572224M;3838) - A(572Z1+M;3838) + A(40902.N;36381

1 - A(41062.N;3038)
A(655424M;38381 - 01 + 02

A(65541.N;3840) a Q8VCTRL(AAL(1;3840),BW;A(65541.M;3840))
A(65541.M;3840) = Q8VCTRL(AARII;3840).BX;A(65541.N:3840)1

c
C o....HY HORe PLANE ENVELOPE COMPUTATION.....

D4 a VABS(A(69221+M;159);04)
BY = D4.GT*A(69591.M;159)

70 A(69591.M;159) - Q8VCTRL(D4pBY;A(69591.M;159))

FREE

C .. .. HZ ITERATION.o..
ASSIGN 01,.DYN.3678
ASSIGN D2#.DYN.3678

DO 80 MAl#3
M - JO-L 36900*(NA-1)

C
C oeo..SOFT LATTICE TRUNCATIONS*....
C o.o*.LEFT TRUNCATION.....

ALM2 a 0.5 * (A(368524M)*A(36853*M))
AL(3;21) w 0.333 * (A(368524N;21).A(36853.N;211

1 eA(36854.M;211)
AL(241 - 0.5 * IA(36873+M)+A(36874+Ml)
AAL(1 ;3840) a Q8VXPNO(AL( 1;24.),BW;AAL(1; 38401)
A(36851.M;24) a Q8VCMPRS( £(32852.N;3840),BW;A(36851+M;2.1)

C
C ***.*RIGHT TRUNCATION...**

ARM2 a 0.5 * (A(3687?+M)*A(36878+M)l
AR(3;21) *0333 *(A(368??74N211+A(36878+M;21)
I *A(366?9.M;21)1
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AR(24) =0.5 *(A(36898G?1)+A(36899.i)
AAR(1;3840) *QSVXPND(AR(1;24).BX;AAR(1;38401)
A(36876.M;24) a Q8VCMPRSIA(32850*N;3840),BX;A(36876.N;24J)

C
C ..... MAIN HIZ LOOPS.....

0a A(33012.M;3678)
02 a A(41062.M;3678) -A(416Z*M;36?8) + A(12321.N;3678)

1 - A(12322.9q;3676)
A(33012.N;36781 = 01 D 2

C
A(328514M;3840) a QRVCTRL(AAL(1;3840),BW;A(32851.M;38401)

80 A(32851+M;3840) i Q8VCTRL (AAR(1;3840),BX;A(32851.N;3640))
FREE

82 CONTINUE
IF(MCALL*LE920)GO TO 94

C
C .***.TRANSVERSE PLANE NO. 65.....

M a 63 * 36900
C
C ... EX, El TRUNCATIONS.....

A(4090;Mi4000) -A(36901+M;4000)
AC369014M;4000) - A(45061*N;4O000
A(45061+M;40001 a A(4001,f ;40001

C
A(572214M;4000) a A(53221*N.;4000)
A(53221.PI;4000 a A(61381+M;4000)
A(61381+M;4000) a A(20321,P,;4000)

C o....1X ITERATION*****
ASSIGN O1,.DYN.3839I ASSIGN D2peOYN*3839
01 a A(24481+M;3839)
D2 a A(12321.Ii;3839) - A(12161*M;3839) + A(20321.N;339)
1 -(48+;89 I+D A(5?221.M;3839)

D4 a VABS(A(2$161+M;159);D4)
BY * 04.GT.A(28481.N;159)
A(28481.M;159) a Q8VCTRL(D4,BY; A(28481+M;159))
FREE

C
C ooeo*HZ ITERATIONe...

ASSIGN Dl,.DYN*3678
ASSIGN D2#*DYNe3678
ALMZ - 0.5 * (A(36852.MI.A(36853PI))
AL(3-;f') a0.333 * (A(36852.M;21).A(36853*l;211

1 *A(36854.N;2111
AL(24) =0.5 4 (A(36873*M)+A(36874I I)
AAL(1;3840) - Q8VXPND(AL(1;241.8W;AAL(1;38401)
A I368514P;24) a Q8VCMPRSIA(32852*N4;38',O),8W;A(36851*M;24))

.5* (A(36877*M).A(36878*M))
A (3211 0*333 *(A(368774M;21)4A(36878+M;21)

*A(36879*M;211)
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AR(241 0.5 *(A(36898#MP.A(36899.M))
AAR(1;3840) aQSVXPNO(AR(1;24),BX;AARE 1;3840))
A(36876*M;241 a Q8VCNPRS(A(32850.M;3840),BX;A(36876.M;24)I
DI a A(33012.M;3678)
02 a A(41062*M;3678) -A(4162.M;3678) + A(12321+M;3678)
1 - A(12322*M;36781
A(33012+M;36781 a 01 D 2
A(32851.M;3840) * Q8VCTRL(AAL(1;3840),BW;A(32851.M;3840))
A(32851+M;3840) = Q8VCTRL(AAR(1;3840),BX;A(32851Pq;3840))
FREE

c
C .....VERT* PLANE ENVELOPE COMPUTATION.....

94 ASSIGN 01,.DYN.3840
ASSIGN DZ,.DYNo384O
ASSIGN BVPBBB(1;3840)
M a 32*36900
Ma 65 *36900

c
C ,,...EX ENVELOPE.....

Dl - 0.5 * (A(4001+M;3840).A(40901.M;38401)
02 - VABS(D1;D2)
BV - D2.GTeA(MZ*1;3840)
A(MZ.1;3840) = 08VCTRL(D2#BV;A(MZ.1;3840))

C
C ..... EY ENVELOPE.o.

02 = VABS(A(121614M;3840);02)
BV- D 2oGToA(MZ.4001;3840)
A(IZ44001;3840) = QBVCTRL(D2,BV;A(MZ.4001;3840))

C
C *.*..EZ ENVELOPE..*..

Dl 0*o5 * (A(2Q3214M;3040).A(57221.M;3840)).3' 02 -VABS(D1;D2)
BV -02*GT.A(MZ.8001;3840)
A(MZ+8001;3840) a Q8VCTRL(D2,BV;A(MZ.S001;3840))

C .....HX ENVELOPE.....
D2 = VABS(A(24481+M;3840);D2)
BV - 02*GT*A(MZ412001;3840)
A(MZ+12001;3840) a QSVCTRL(D2pBV;A(MZ*12001;38401)

C
C .*..HY ENVELOPEo..

DI a 0.5 * (A(28641+M;3840).A(6554l4M;3840)
D2 - VABS(Dl;D2)
BV 02.GT.A(MZ416001;3840)

A(MZ.16001;3840) a O8VCTRL(D29BV;A(MZ.16001;3840))
C

c e....HZ ENVELOPE.o...
02 a VABS(A(32851+M;3e40);D2)
By - D2oGTeA(MZ+200Q1;3§40)
A(MZ.20001;3840) aQSVCTRL(D2,BV;A(MZ420001;3840)).

FREE
T3 - SECOND(CP)
PRINT 150v T3



c *.***FIELD ENVELOPE PRINTOUT ROUTINE.....

DO 100 L-NHALFs-NMAX,NHALF
IF(N.EQ.L)GO TO 101

100 CONTINUE
IF(N.EQ.NMAX)G0 TO 101
GO TO 199

C
C *.**.AT HORIZONTAL SYMMETRY PLANE.....

101 [FIN*E0.NMAX)IPUNa1
PRINT 102P N

1.02 FORMAT(IHI,52X,27HEZ ENVELOPE FOR TIME STEP -PIS*
1 //,62X915HPLANE Z - 24#DX,/1v2X,1HJP1?
CALL ENVH(24321PRCPIPUNI

C
PRINT 103v N

103 FORMAT(I1HI52XP27HHX ENVELOPE FOR TIME STEP wa!5,
1 /*62XP15HPLANE Z =24*DXv//p2X,1HJPI1
CALL ENVH(28481,3.77E+6,IPUN)

C
PRINT 104, N

104 FORMAT(lH1,SZXP27HHY ENVELOPE FOR TIME STEP sP15P
1 /l,62X,15HPLANE Z - 24*OXI/PZXlHJPII
CALL ENVH132691,3.77E*IPUN)

C
C o.**.AT VERTICAL SYMMETRY PLANE.....

PRINT 105p N
105 FCRMAT(lH1,SZXP27HEX ENVELOPE FOR TIME STEP -PIS#

1 Il,6ZX,17HPLANE Y a 32*S*DXII,2X,1HKlb
CALL ENVV(1,RCIPUN)

C
PRINT 106, N _____________

106 FOR FAT( IN1It ZXP27PEY ENVELOPE FOR TIME STEP s#15P
1 /II62XP17HPLANE Y a 32*5*DKIIZXv1HKI)
CALL ENVV(4001PRCIPUN)

* C
PRINT 107, N

107 FORMAT(1IH1,SZEZ7HEZ ENVELOPE FOR TIME STEP soI5t
1 II,62X,17HPLAME Y a3Z.5*DXII,2X,1.HKPII
CALL ENVV(0001PRCpIPUNI

C PRINT 108, N
108 FORMAT( 1H1,52XP27HHX ENVELOPE FOR TIME STEP *,15,

1 //,62X,17HPLANE Y - 32eS$DXII,2K,1.HKI)
CALL EAVV(1200l,3e77E+6PIPUN)

PRINT 109, N
109 FORMAr(1H1,52X#27HHY ENVELOPE FOR TIME STEP -PI5P

1 /,62Xv17HPLANE Y = 32*5*DX,/iI2XP1HKPII
___CALL ENVV(l600lp3o?7E+6plPUM)

__ PF INT 110p N
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4 110 FORMATUlH1,52XP27HHZ ENVELOPE FOR TIME STEP uv15v
.1 1 II62X917HPLANE Y a 32*5*DXoII,2X,1HKiv)

CALL ENVV(Z00.3.77E46,IPUN)
C

199 CONTINUE
200 CONTINUE

T4, a SECOND(CP)
PRINT 150p T4
ST OP
END

SUBROUTINE ENVH(LOCASCALEPIPUNC4)
DIMENSION A(2422500)pIP(10240)vNNfl60)
COMMON A

DO 9 Is1,160
9 NN(I) a f

DO 1 LYu2v64
LOC -LOCA + (LY-1)*36900
LOCI * I + (LY-11*160
IP(LOCI;160) a SCALE * A(LEJC;160)

1 A(LOC;160) -0.
C

IF(IPUNCH.EQ*0)GO Ta 4
DO 2 LYml5v52
LOCI *1 4 (LY-1)*160
LOCHI LaCI + 158

2 WRITE(8,31 (IP(LL)PLL-LOCIPLOCII)
3 FORMAT(1615)

C
4 D0 7 LX-1*6

LXA - 5 + (Lx-l)*25
LXB aLXA + 24
DO 5 LY=2,64
LYY a 66 - LY
LOCI L XA + (LYY-1)*160
LOCH LOCI + 24

5 PRINT 6v LYY, (IP(LLILLutOCILOCII)
6 FORMAT(IX#12PZXP2515)4
7 PRINT 8p (NN(LL)PLL=LXAPLXB)
8 FORMAT(II,4XP2515fiI//)

C
RETURN
END

SUBROUTINE ENVV(LOCZPSCALE,*IPUNCH)
DIE-NSION A(2422500),NN(160),IPR(25),PIPP(160)
COMMON A

C
DO 8 1.1,160

8 NN(I) *I

13



LMN - LOCZ + 65*36900
C

IF(IPUNCHoEQO)GO TO 3
DO 1 LZuIP24
LOC =LMN + (LZ-1)*160
IPP(1;159) - SCALE * A(LOC;159)

1 WRITE(892) (IPP(LL),LL=l,159)
2 FORMAT(1615)

C
3 DO 6 LXal#6

LXA - 5 + (LX-l)*25
LXB a LXA + 24
DO 4 LZal924
LZZ a 25 - LZ
LOC = LMN + (LZZ-1)*160 + LXA-1
IPR(1;25) a SCALE * A(L0C;25)

4 PRINT 59 LZZ IIPRfLLI.LLw.145)
5 FORMAT(X,2,2XP2515)
6 PRINT 7, (NN(LLIPLL=LXAPLXB)
7 FORMAT(/It 4Xv 2515,/111)

C
A(LMN;3840) a 0.
RETURN
END
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2.2 Problem B -- Task 1, Case 2
(Section 3.2 of Volume 1)

The following 11 pages list the computer program for the 159 x 64 x 24

cell -- 800 time step run of Problem B. The problem solved is penetration

of a 19.0 cm diameter, 68.5 cm lona, open-ended aluminum cylinder by a 300 MHz

plane wave at broadside incidence and TM polarization.
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PPOGRAM FDTn(INIPUTOIITPUiTTAPE60=INPUTTAPEe=TAPE8,

C PUN TASKI-- STEADY IflO MHZ PLANE WAVE IRRADIATION OF A
C 1990 CM nIAMETFR, f-8.5 CM LONG9 OPEN-ENflED
C ALUMINUJm CYLINDER
C CASE IT- Tk POLARIZATION OF t INCIDENT WAVE
C PROADSIDE ikrIO~iENC

C INCIDINT WAVJF COMPONENTS H7 AND EX
C 159 X 64 X ?4 CELL CIJRIC SPACE LATTICE IS USED
C UNIT CFLL DIAMETER = DX = 0.5 CM a WAVELENGTH/200
r EVFN SYMMETRY AHOUT L-ATTICF PLANE 7 =24.%*(OX IS ASSUMED
C SOFT TEM WAVF SQUkCF CONDITION IS USED AT PLANE Y = 1.5*nX
C SOFT LATTICE TWONCATEONS ARE USED
C PROGRAM IS OPTIMIZEn FOP THe. CDC STAR-100
C

REAL I'UR.MUZ
DIMENSION A(?42?500,,CEXP(?4b760),CFYB(245760),CEZ8(245760),

CP(9)%FPS('I)gSIG(3)9 KFXB(19)tKEXC(19)
COMMON AOCFiXHtCEYP.CE7A
DESCRIPTOP D1,D?,D3,1)49NFDbVHYAlA2
H1T 8V*R84(3fA4P.FYeABY(159)
ASSIGN RV06S(113840))
.AS51GN RY9P8Y(1;159)
ASSIGN D4,DD(113l39)
TI = SFCONDP.CP)
PRINT 150, TI

150 FORpAT(F20,S)

r 1.... PkOHLFM PARAMETERS.....
FPEO = 3.F.Fs
()X n l.005
1JPP 1

DATA STG/0.0. 3.TF*7.p 0001/
Nt4AX =80

C
Cl ... ,.CYLINDER GFOMFTRY OESCRTPTION.4 ...

DATA KEXP/1 9,16,14,131 lfl,99988,,77,6,6,6,6,696/
DATA KFXC/?4.19.16, 14.13.12u11.10.Q.B.8.7,7.7.6.e66.6/

C
.. IT tAS7C &ND DERIVED CONSTANTS-

PI = 3.lr,,9Q?65
MU7 4.0 *01R * 1.nF-7
EPSZ =8.85S4F-12
UT rDA / E*%.pE+8

NH. 01.5 /FPEQ / OT
__ R = )TL ?.(I / PSZ

RA nT**? / DX**? / MUZ / F-PS?
Pri [flT / f MlJZ
RC 1.OE+4 / P / '477.0
RD 2.0 PT FEO D T
IPIIN=0

16



CA(119) =0.

DO 1 KK=1924
I MQ(KKI = 16n (KK-1)

DO 2 T=1,MPR
EAF = P * RTG(II FPSMT
CA(I) x(1.0-EAF) /(1.,EAF)

P CR11 = RA / EPSITI / l1.0*EAFI

C __,TTT LOADl ViCTOR A.
C *....ZERO INITIAL FIELOSooo..

IDEL =U(-1) * 3690n
I AfTfFI.U369QO 0.fl

A(2398501;?4000) n.

C o....TYPE OF MFnIUM.....
C ~.-...ANISOTROPr IOSSY AIR..

00 4 1=1,64
IDEL = (1-1) * 3690n
A(IDEL+1U3840) 1.l
A (T0E1 +8161838~40) a -4.

A A(UDEL+1632183840) = 3.

C 00.0.RPOADSIDF CIRCULAR CYLINDER.....
On 14 TZ15.V1

IDEL = (1-1) * 3690n
TDFM z 7*16Qflp

KbI = KEXB(I-14)
KC = KFXCII-14)

DO 7 K=KBoKC
7 A1TnFllF.1,K-1)*16fl171 = P.

KD = KC + 1
nn A K Kfl.7&

8 A(IDEL+11*(K-1)*1601137) = 39

A(IDEM+817I+(KH-1)*16'0$13S) =2.

nnA 10 I=KR7d.
10 A(IDEM,830S+(K-1)*160) z 2o

KB z KEXB(I-14) + 1
lFIKBG,tvrlGQ TO 9
D0 12 KSKRKC

12 A(TnFlFI1V1I-)1O R 2_
9 DO 13 KxKB*?4

11 A(TnFl *fi~ARK-i1*ifni = P.

C
TA w 67 - T

IDELA z (IA-I) * 36400
A tflFi I1AAAl I At I OF'I 11E40)
A(IDELA*16321 53840) =A (IVEL*1632183840)

IA AfTflFIA*RAIMll1 -I AfTnFM*A1A1iltAAl

17



- ~MFnlTA CQFEFTC1FNTs-,-,

ASSIGN Alo.DYN.3840
AqqTAN AP$-nYN,gI&

ASSIGN NFD*,DYN9384n
Al = -

A? = 0
DO 23 T10,A

IDEL =(1-1) * 3690A
TDEm (1I-1l) A 3840

C
lAVA A (TfF 1 33~AAL)

00 20 JJ1,gmpR
AV - 'NFn-~c 1-0i.

Al = OVCTPL(CACJJ.RPV;Al)
20 A2 =0PVCTRL(CB3(JJ3.RVlA2)

A(IDEL*113840) = Al
CEXR(IflEM+1;3A40) = A2

C
NFD = ACIDFlL*8161;3PAO)
DO 21 JJ=1,MPP
8V = NFDEOJJ
Al = QPVCTPL(CA(JJS*AVIA1

21 A? = OAVCTRLcCtlJJ)9PV;A2)
A(IDEL#816113840) = Al
CEYB(InEM.1340) =A2

C
NFO = A(inFL~lb321lP40)
DO 22 JJ=I*MPP
F~V = INFD.FG.JJ
Al = OAVCTRL(CA(JJ)gPV;A1)

2? A2 = OPVCTPL(CH(JJ)*RV;A2)
AUDnEL+1632113840 = Al

23 CFZBIIOEM*183440) =A2
FREE
A(816113A40) = 0.

C
T? = SECOND(CP)
PRINT 1509T2

c
C .. T.V, TIMF-STEPPING LOOP...

00 20;0 NalNMAX
TERM = SIN(FLOAT(N)*PD)
'4CALL -= + TFIX(FLOAT(NI/6.0)

C .... TPANSVFRSF PLANE NO. 1..
c NA 1Z TRIINCATTONS....

A(C*00U40'lfl) 40416114000)
A1-e,51;'4LOXL A(4cnflOO
A(2032114000!~ A(?Af 4l;4000)
A(286418400CI A(5722114000)

C



c .... HY ITERATON.
ASSIGN O1t,.YN.3679
ASSTAN D?e..YN.3679
A(12161) = 0.5 * (A(16161)+A(1616?))
A(1~lfAtl1;71 = 0-111 * (A111l~+AllPl7

1 *A (3 ~b31157))
A(121191 =.S (Ai16l1Rl+A(1E61Q)

A(1616f119) = A(J?1a~j;jS9)
Dl-= A(12321:3679)
D= A(2464113679) - A(?44t,13679) + A(3301113679)

I - A(33012;16~74)
Ac123?1;367q) =0D - D2
FREE

C
c .-. TRANSVERSP PLANES ?-64.--

DO 82 JY=1.MCALL
JOE~l = (JY-J) * 110700
JDEMb = (JY-!) * 11520

c .....Mx ITERATrN....

ASSIGN 02*.DYN.3678

00 30 MA=193
M =JDFL + 36900*(MA-1)

...... SOET LATTT(CE TRUNCATION ..
A(40901?.M)'= 0.5 * (IA(44902+M)+A(44903*M))
A(A09pl#MflS6) = 9,113 * (A(4490P+M;15b6.A(44qn3+MllS6)

*A (44904#M; l56)l
A(4106;Q+M) = Q.5 * ctA405+M+A(45Q59+M))
A(4490?+M1158) =A(41O62+M115b)

C ooo..MAIN HX LnOPS .... o
D1 = AL4j067_+Ps3678)
D2 =A(6991?+M;3678) - A(33012+MI3678) + A(AS54?*M;3678)

- A(67?+;36783i
30 A(41O62*M;36714) =01 - D?

FR FF

c --- .- Y ITERATT'N.,
ASSIGN.D1,ooYN.3679
ASSTCN D?*.DYN.3679

DO 40 MAA1.
m4 = JOEL + 36CI00*(MA-1)

C .... SOFT LATTTrE TRUNCATION .....
A(490A1.MI = 0.5 * e5'(l61M)A(S306~?+M))
A(4906?*M;157) = 0.1 * (A(53061.m;157)+A(S306.,4157)

A(49219*M) = 0.5 * (A(53218*m).A(93219*M))
A(53061+mslrQl A1LOP7l.Ml15(v)



C
-- -MATN HY Ilrp-r.. .

DI A(4Q)2?I1M367q)
D2- AhIc1MlI674 - Af61Al m23&741 A(6Q1+MItA7Q)

I A(69912*M$3679)
40 A(49P21+Mjlk79) = D] - D2~

FRFE

C ..*... HZ ITEPATTnN .....

ASSIGN D2*..YN*383q

DO 50 mAI,*3
M .1f)Fi + 6 D * M -

C ~~.,..MATr4..H7 OP*..

01 A(572?1.+I3339)
D2 Arir-4?.M;3A9) - A 6S41+MI&A839) + * 4R+jA9

1 - A(h~138I+M43839)
Afc;221M~l14)= D1 - D2

C
C -,----b7 SOFT TF,4 wavF SOIIPCF roNnTTTON,,-.:t

IF(JY.CE.?.OP.16A.LF..?)GO TO 47
A(13lfl029P391 = TFrw. * All1021233%9)

C
C. H~7IOP. P1 aNF FNJVFi OPF rQMPliIATTQN-,-

470D4 VA8S(A(f60's01.P4I59)lD4)
BY nOkCT-AthE22l71u1cQ)-

50 A(612?1+ml159) = obvrRLcD4,&r;A(612?1+M;I59))
C
C *..Ex ITEkATTON .....

ASSIGN 0*3*o~yNo3839
C

DO 60 MA=1#3
M JDEL + 36900*CMA-1)
mM ~jnEm + 3840*(MA-1)

C
C oe*.MAIN EX LOOPS,,..

01 = A(?481+M1339i A(1.M1339)
D? Acl?3?j+Ml383Q, AC-1?161+M;3f839) *A(20321+M;3839,

I - 721M389

03 CFXRF*Mm%3139, D2
A(?44P1,N;3P39) =DI D 3

C
C ... FX HOP, Pt ANE ENVELOPE COMPUTATION.....

D4 VAHS(A(2,'lbl.m:j54);04)
R4Y n4.GT.A(28481+mt159)

~fl A PL.OL44115) = Q9YrTRL(Q49HYlA($481,?w415Q~
FREE

C
C .....FY ITERATTON.....

AS ICN Dl..DYN*383A&
AS*SIGN D?..DYN,3Alm
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ASSIGN D3*.DYN93838

D0 70 MA=193
m JnFlL *36900*(MA-1)
MM =JpEM *3840*(MA-.1)

c ..... SOFT LATT~rE TRUNCATIONS ..
C ..... LEFT TRUNCATIONe....

AL(I) = 0.50f (A(69'q4l#M)#A(69'i42*M))
AL(21?2) = 0.333 * (A(6Q541+M2)+A(6Q542+Ml2P)
1 +A (69543+M?22))
AL(24) =0.333 * (A(A9563+M)+29O.A(69564+M))

C .... krGHT TRufirATrON....*
ARl 0.5~ * (A(69r-&6*M.A(b9b67+M))

AR(2122) = 0.333 * (A(69566*M;2?)*A(69567*MI?2)
1 *+A (69568+MlP))

AR(24) =0.333 * (A(F958.M)+?e0*A(64589+M))

DO 61 KK=1924
M~LE a M + I(IK
MRI =b M * (K
A(69540*MLE) = A(65542*mPI)

61 A(69565+MLE) = A(65699+MRI)

C .....MAIN EY LOOPS .....e
Dl z A(65542+M;3R3Ai A(4506?+M3838)
D2 = A(5722.M;3838) -A(57221.t4;3838 * A(4n90?.f4I3838)

1 -A(41067*M;3R38)

D3 = CFYBC39442+MMl3P3) * 02

A(6S4?+Ml336) = D1 - 03

DO 69 KK=1924
MLE = M-+ MQ(KK)
A(65541+MLE) = AL(KK)

69 A(65700*MLE) = AR(KK)
C
C *... EY H1OR* PLaNF ENVELOPE COMPUTATION.....

D= VA8S(At69?21+Mv152);D4)
BY D4*GT.A(69591+m;159)

70 5A69591+MS159) = Q8vCTRLwA,96Y;A(69591+M;159qn
FREE

C *....EZ ITERATION*.....
ASSTGN ni..nyN.3678
ASSIGN D2ODYN9367A
ASSIGN D3e.DYN.3676

C
DO 80 MA=1*3
m JOFL # 36900*(MA-1)

MM =JDEM + 38400(MA-fl
C
c--- SOFT LATTTrE TguNCATrnNs --- ________
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C ... LEFT TRUNCATION .....
ALfP = 0.5 * (A(3bPr 2+M).h(36i53#M))
AL(31?1) = n.333 * (A(36R2M;2j),A(368S3,P4?l)
I #A(36854.948I))
AL(24) = 0.5 * (A(3AQ73+m)*A(3h874,M))

c o .... PIGHlT TPk~rATION.....
A2i= o.r, * (A(3bA77+M)+A(36878+m))

AP(3?Pl) = n,333 * (A(36A77+M;2j)+A(36878+M;?j)
+A tl6R79+ml?l i

AR(24) = 0.5 * (A(3AA9A4M)4A(36899+H))

00 71 KK1.t?4
Ml F = M + KK

MPI = M +.Q(K
A(IiAic~~l MF) = 199?MI

71 A(36875+MLE) = A(330n9+mRI)
c-
c 98S..MAMN EZ LOOPS..*..

At3'1012+M%367S) *At1( 82MLAR
D? =A(4106?+M;3678) -A(4162+M;3678) *Ac12321+M;3678)

03 = rFZH(16?.PM3b7A) * 02
A(1012MS1781 = D - D

D0_lAfl KK=l9P4

A ~MLF~ = M # lWQ(fK)
A( -'41, Ml F = At i KK)

80 A(33010+MLE) = AR(KK)
FREE

P2 CONTINUE
TE(Mr~hI I in)G F7lIn TO4~

C
r -,,TPNqVFPSF PD ArPF NO), AS ~--

M = Al * 36900

C .*@.H*I HZ TRUINCATIONS.....
A4409014kpf h2Ql4MIAGOD A69141400
A(36901+M$400n) =A(45061*M;4000)

A(%1221 -MAnlf') A1kflflI4Mfinlfl

C

C .,ooEx ITERATTON,...

ASSIG3N 0?..DYN.3839
ASSION D39.DYN*31339
D) = A(2,'4Fl+14*3839) ( AMCi
02 = A(l?3?1+m;3831) -A(12161*MI3839) *A(20321*M;3839)

I - A(b21+M;3R39)
03 = CRM1 D 2
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* A(?44A1.M31P39) = DI - D3
* I 04 z VAHS(A(P8161+ml5Q)P4)

RY = f4.GTA(2S481.+4:15q)
A(284A1.MI159) =QovrTRL(04vdY;A(284i1+M;1S9))
FREE

C
C ..... F7 ITERATToN...

ASSIGN Dlt*DYlJ.3h78
ASSIGN D?9,DYN.367R
ASSIGN D39,DYN*3678
AL(2) = 0.5 * (A(36kc?,M)+A(36',3*M))
ALC3121) = 0.*333 * (A(36A2+M%21)+A(36853+Ml?1)
1 +A(36854+M&?1))
AL(24) = 0.5 * (A(36R73*M)*A(36874*M))
AR(?) = 0.5 * (A(3l6A7T*M)+A(368T8+M))
AR(3121) = 0.333 * ta(3677+mt2l)+A(36878+fM?1)
1 +A(36879+M4?13)
AR(24) = 0.5 * (A(3409RM)+A(368qq#Mfl
DO 91 K=1.?4
MLE = M + KK
MPr = M + MQ(t(K)
A(36850+MLE) =A(3?Rq?+MRI)

91 A(36875*MLE) = A(33nfl9*MRl)
01 A(3301?*MI367b, CA(3)
D)? = A(41062.MI367A - A(4lb2+MI3678) *A(123?1+m43678)

1 - A(1232?*M43678)
D3 = CR(3) * D2
A(3301?+M43678) = DI -3

A DO 92 KK=1924
MLE = m + MQ(KK)
A(IPR1+MIF) = A(~

9? A(33010+MLE) = AR(KK)
FREFf ..... VERT, PLAf,1' FNVELOPF COMPUTATION...

M 32 *36900
M7Z 65S 36900

C
c -- M.X ENVEIOPF.-

D? =VABS(A(40Q0l*Mtl84O);D2)
RV = fl.GT.A(MZ+11I3A&O)
A(MZ,193840) = 08VCTPL(D2.4V;A(PZ#1;340))

C *,**oHY ENVELOPF.o...
DI = n.5 * rA(lI6l1,Nd840),A(490A1.Mt3B40fl
n2 s VABS(DlSP2)
R= DP.GT.A(MZ*4001%3R40)

A(MZ,:001;3840) = QgvCTPL(D2,IV;AMZ+4001;3840n)

c .**,HZFNVELOPF.....
D? = VARS(A(,7221+mvAR40)1D2)
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RV =D2*GT.A(MZ#800113840)

C At(WZPfQl03A4Q) = OAVCTPl(D2.t4VlAim7.Bfl'84l1

C E~~x ENVEtopp.-.
D .5 *: (A(2448lmfl840).A(t613Rl.MU3BA0))

D2 = VASS(D1:D?)
8= r?eGT.A(MZ+1?Onl;3840)

A(W7+1P0l3840) = OAVCTRL(D2.tVAM7.I2O~l3R40i)

r .. EY ENVELOPF .....
D? = vARSl(A(541M3840);D2)
8V = f?.GT.ACMZ#16Qfl1l3A40)
A(MZ+1600123840) = 0RVCTPL(D2vHV;A(MZ*1600OU3840))

C ..... FZ ENVELOPF .....
DI = nS * tA(3?R51~up'4R40IA(C)97';1.DMg840II
D2 =VARS(10D2)
BV = DP.GT.A(mZ?Qonil3A40)

A(MZ#P000lt3840) = f3VCTRLfD2dHV;A(MZ?00O133840))
FREF:
T3 = SFCOND(CP)
PRINT 150o T3

C
r FIELD ENVFi OPF PRINTOUT ROIITTNE...

DO 100 L=NHAi.FNMAX,KlALF
TFNFa lcO TO 101

100 CONTINUEF
TFL.FIJ#.AX)CO TO ini

GO TO 199

C ... o.AT HORIZONTAL SYMMETRY PLANE.....

101 4ENFNA X IIPIJN=l

In?~ EQRMATf1H1.59X.*?7HHZ FNVFI APE FOR TIMF STEP =p~

1 //962X.15t4PLANF Z =2 4*DX9//,2X,1HJ,/)
CAll FN~VH2Al?1llnnn-nTP1N)

C
-POTNT 101 bi

103 FOPMAT(I1952SX,?7HEX ENVELOPE FOR TIME STEP coI5.

CALL FH~V(?4Pl#RCvTPUN)

PRINT 104. P
lo. FOgmATH.%PX*274Ey FNVFI APE FnR TTMF IqTEP =n.T%.

1 //96?X.1SMPI &NE Z = ?4*DX9//92X,1MJ9/)
CAl I tW UP .Rr. T PJN

C
r -- 0-0--A VFPTCAi qYMMFTRY P1 ANP'.--

PRINT 105. N
lQ5 FQPMAT(1Hj1,;)X,7Mlw FNVFI APE FnR TTMF 'qTFP =*!5

I //#62Xo1714PI,ANE Y =32*r5*DX9//92X~lt4K,/)
CAuL E~JIVi1 1A600 - 0 I2ll)
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PPTNuT in(" N
106 FORMAT(lM195?X.?7HHY ENVELOPE FOR TIME STL =*I&;*

I //.A2(171-21ANE Y = 2r*X/oXlK/
CALL FNVV(400191AOqlOiptjlN)

PPINT 107, N
107 FORMAT(195?X,?7H1M7 ENVFLOPE FOR TIME STEP =,p,,

PRNT 1014o N
19FOkMAT(I~.s1S?X97H-Fx ENVELOPL FOR TIME STFP =919i,
1 //,6?X917HPt~pNE Y = _________________________________

CALLFNVV(I?001,RCTOUN _______

PRINT_11099_N___ __

109 FORMATc1M1,5?A9?7HF7 ENVELOPE FOR TIME STEP eb
1//q6?x,17HPLANE Y =____)X/92tHK/

CALL FNVV?06001,RC9IPUN)
C

19Q CONTINUE
POO CONTINUE____

T4 = SFCOND(CP)
PRINT__1509__T4________________

STOP
END

SL'FPOUTINF FNVt4(LOCA,SCALF9IPU'PCH)
DIMENSION A(2?e250Oi.IP(jQ?4Q) .NN(l1iO)
COMMON A
DO 9 T=191E60

9 NN(I) = I
C

00 1 LV=2o64
LOC_=_LOCA_+_(LY-1)*Th6900 _______

LOCI = 1 + (tV-1)*1Afl
IP(LQCltI60) = SCALF * A(LnC;160)

I A(LOC;160) = n.

IF(IP(lt'CHFQ.0)GO To 4
DO ? L~~5
LOCI I * (Ly-l)*IAP(
LOCTT = OCT + *;

I FORMAT t1AT~n

4 0 7 1 X=1,_____

LXA =S*(LX-1) 0 ?i
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I XF4 =I XA P4

-____LY2L =f~ 66 -

LOCI =LXA + (LYY-li*1h(I

F PRINT At LYY9 (IP(LL~vLL=LOCItLOCII)
-6 FORP4AT t1X@T7*?)X.2SIS
7 PNT go (NN(LL)9LLLKA9LXP)

C
RETURPN

F- A 1

SU14POhIT1N ' FNVV(LOC7,SCALIINCH)

COMMON A

D)O p 1=19160

DO I =1224?

LOC = LPN + (L.Z-l)*1'rO
IPP(JI159) = SCALF * A(LOC:1'6)

I vPTTE(89?) (IPP(LL)LL1.1l9)
? FOlRMAT(1615)

3 00 6 1 X =Io
LXA =~ r*+(gl*c
LXb = LXA *2
00 4 L7=1,?4

___ = L1 5 ? LZ
LOC = LMN *(LI?-1)4*i6O LXA-1
IPP (I' !;CALF * "CLOC2?S)

4 PRINT 'L. U? (IPP(LL)qLL14?b)

6. PPINT 79 (NN(LL)qLL=l+XA.LXF4)
7 F0PMAT f//*4XS?'i[%////)

A(LMN:3A4(1 = 0,
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2.3 Problem C -- Task 2, Case 1

(Section 4.1 of Volume I).

The following 10 pages list the computer program for the 24 x 100 x 24

cell -- 1800 time step run of Problem C. The problem solved is penetration

of a 12.8 cm diameter, 28 cm long, missile guidance section by a 300 MHz

plane wave at axial incidence, for the case of the interior dielectric com-

ponents modeled.
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UOOSPM Fi'.TrD (It4PTOU)TPITTAP~e,=INPUTTAPFM=TAPE8)

c P III' TACK?-- !ZTEADY _40 MHZ PLtt-E WAVE IRPAOIATION OF A
r 1?9 4 Cm DIAMFTEN OISSIIF G(II'ANCE SErTION

r rASF T_ ITTRJGR ITFLFCTPIC COMPONFNTS t400ELEn
c AXIAL INCTDFNCF
C INCIDFNT WAVE CO.MPOtJENTS E7 AND) HX
C ;)4 X 100 Y ?4 CEL.L CUJRIC SPACE LATTICE IS USED
r (111ITT CELL 11TA FTFI = DX = 0.33 Cm1 = WAVELENC'TH/3oo
r FVFMI !YMM'FTPY A0OUIT LATTTCF PLANIFS X = ?4.5*DX AND
C 7 = 2*0*I)X 7iS ASSUvw'EP
r SO'FT TFM wAVF SOMIPrF cfnO1)TIom IS USED AT PLANE Y =3*0*P)X
C SOFT LATTTrF TPUNCATIONS ARE USED)
C PPO(GPAm IS OPTII7E(l FOP THE crC STAR-100

LPFAL. w'UP. 'd-17

I 7(FP36).AAA(60O) .AA(?',y~,fl(4),O)E(?4),CA(9),
P rRc(1),EPS(6)qSI(,(b)
COMmdON; AgrCFCypgCF7P
nF'SCP!PTrW' rl ,i')?.rV'4nf4.(~SNFUA1 ,A?.14VSkWAXRY
PIT F4vR(A00).I WRW(60(1),.eHY(600)MY448Y(?4)
ACSTnV~ PV*;:Pk(1;f0;)
ASSIG~N Pw.q4FW(1s6l0)

A5SIGM~ RY,%44Y(j824)
A'SC, f p .n 04,IP124 )
4 SS I N Or-,1E(1:?4)
TI = 'cFCO0\P(CP)
PPTNT 150. TI

15P FOPtAAT (F?0.5)

r .. I IJFJ.OR~t-m PAPAP4ETFPS.....
FPFO = 1*AFp
nx n .011.n
MPP 6

DAfTA FPS/ 1.0, 1.0)* 100 r,,5, 4,5. 5e3 /
DATA SIG,/ 0.0, 3.7F+Tq n&,S 0*00249 0.C00089 0.0 /
NPAX = ln

NIP AX =1POP

c ... IT, RASIC ANn D)EPIVEr' CONSTANTS. ....
PT =
m117 = 4.0 * PI * l.OF-7
wPc7 = F99Fl

nT = fnX / (*fPF~g
mli:F = 41. / FoJFO / OT

P =7 /T ?*0 /FPS7
P= nT**? / nX**? / M117 / FPSZI
w = OT /rx /M07
w= 1.CF*& /N4H

;q,= ?*A * P7 FQP'o ( T
TPIN) = C
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CAIIQ) = 0.

CP,(ISQ) =0o

~4) = (nPVM9V7(?A*2'ihI-X)

FAF = P * SICGC) FPSCT)
ChUj) = fl.O-FAF) /(1.C,+FDF)

? CPUl) = RA / FPS(T) / (1.O+.LAF)
C
C .... TI. LOAti VECTOQo*.*

.. ****7FP0 TNITYIAL FJIEIP.....
Z(1I;936 = no*

AC11SQ36) = P.
A (93ln IIQ36) = 0.

r ..... TYPF OF ME()IMII....

4 FOPMAT C79;FIt')
PFA0)(-0*4q~F~r-l01qPP=?01) (Z(I) ,T=?6nl,3'fl)
RFAr)(An.4,FND=?01qFPR=?01 ) (Z(1),I=130191qn))

JnFL = (J-1) * 'S936~
c; A(JfFL,1c-C36) = Z(1;r,936)

00 Sc J=7.14
RFAncAn*4.EN0=?01..FRP=?01) (7(7)9TI,f00)
PFAnlcf04*FpP=01*FPP=?nl) (Z(U,%T=?601%3?fi)

JPFL = (J-1) * 96
59; A(JDEI.13S-q36) = 7(115936)

DO 6 JA=15*71*7

READ)(An,4,FNP=?(1.P=PA1) (Z7) ,1=;!ssl,32kl(
RFAD(60q4oFrMr=?01*FPP=?n]) (7C1)*T=13019100)
JnFL = (JA-1) *5936

A(JflEL+13SQ36) 7(llcig3A)
IRF0(6n94,FNfl=?019FRR=?O1) (Z(1),=19600)

D0 6 JP=196
JrPFL. = (JA*JP-1) * cQ~h

6 A(JDEt..1+Irc36) = 7(1;593A)
Dn 7 J=03*l0n
j'nFL = (J-1) *r91

7 A(jnFlI,*llrQ3A) = 7(19993#r)

RF~f(,4E~r~0~,QP=~fl)(7(1) ,i=j.E0)
READ(P,4,END=201,EPP=Pnl) (Z(I)*T=26nl*3O06)

DO 9 J=7r,.77
XIFL z (J-1) c-,Qlf

Pa A(JDF1,13c036) =7(llq36)
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r QEAf(04qFO.,EW2OlERRo1) (I) ,I=1301,1900)

J = 7
.JnFL = (-)-I)*Q'

PFPAn(60ql4*FN(P?019EPP=?l) (ZCI)91=2601,3200)
J = 7Q
JDFL = (J-1)*59f

PFAfl(6t4.N=?OlEWP=?Aj) CZ(I)9,T2 6 0,320l)

DO Q j=f(n*A4

JPFL =(J-1) * 91

PFA)(fO4,Ehn=?OlFRP=2OI) (Z(7),I=13O1,19OO)
J =A;
JnFL = (J-1) * 5qlk

oFPP=Pn:l.3~ ) 7j=jj6o

00 10 J=fP
JPFL = (J-1) * qQ1

1 0 A (JfFI +1l.rr3o) = 7 (1 iq3A)

PFAfl(An,4oENiD=?nlERP=?ll) (ZUT) T=?60193200)

jrFL = (J- I) * r%'4

PFA0)(6O.4*FFO='OI*FQR=20j) (Z(I) ,Isl,600)

J = Q
Jn-L= (J-1 9 16

A (JIpl C,'~A) = Z (I:s'qA)

r .....IMFnIA rOEPFFTCTFNTSe....

ACS(; Al.

rIO ~ JP.IAO
JrFL - (,J- I

JrnFm Aj~ nn
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NFIP = ,Pj.160
0) 0 ?flJ=1OMPP
kV = M~F,F0.JJ
Al = OPVCTf-L(CA(J,1)qRVlAl)

20 A? = 0PVr.TiPL(f- (JJ)vpVlA?)
A(JflFt.IrFnA) = A)
rFXp(Jr~kl:0(er) = A

C
NFD = A(JrFL+1301to~n)

W= 1 'FfF(.JJ
Al = r)VCT -1(.((jdl)*RV&Aj)

21 AP flpvC1pL_(r'Jjj),,VjA?)
A(Jf)FL+13(0lIAO0) =Al

CFYP(JF,*;&C'('() A'

NiFrD A(J'rFL,'0llh00)

,I NFf.Fo.JJ)
Al = 0VCTFPL(CAJ)RV;Al)

2? A? = fPVCTPl iC*-Ij.,)vVlA?)

P3 CF?P(JflFm+1;60fl =A;

7? = SFCOK;F,(C')
OPNT IS09 TP'

C T...V, TPt4F-STEPTmt' IClp .....
;)0' ?n;N1*)N"AX
TFPm= SIN (FLOAT (4J) *0') * P
mrCALL I3+ TF!X(FLOAT(N'u/6.0
TF (fCALL.(6T.33)fPCALL=3

r ... .TPA''VFPSF PIANF Ni 0 1J..990
c *F X, 1:7 TPllP)CATI01M',,..

A(3??616Pr') =A(?E60l;6P.)

c ..... FY IT~lkkTTON .....

ASSIGN n?o.nf~r174
ASSIGN 0)3..UYN~o574

A(IQ40) P (:131 * (A(?Li73) * ? .fOA(Pr74))
A(7;'c~t?4) = (lCC~l24)

0= CA(3) *A(1Q~tr74)

DP = A(39PA;r,74) - M3Q03:S74) 4A(5?76$f,7) -A(SP77S'174)

01= Crk(3) '
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r - r

C *0*0oTPAthSVF0SF PLANES 2 - 100....
00 (9 8;, y1gm(ALL

JPL= (JY-1) * 17FflR
J(.; A = (dIY- I) * I M()fl

r *,,,*FX ITFPOTION .....

3fl '4 A=l o?
jnFL + Q4*VAj

c S***OFT LATTTCE TP1"NCATION ....

4(U-5A4+P:3?) =0.111
I +~A(7190+,M?1))

c . . . . .tI FX LOOPS .. .. .

=), rFXP ?P7+.'iM;.L71 * 0?
'(~& A~5~,i'73 =Cl + n3

FPFF

r o**.,FY ITFIkhTTON .....

A'--T,tI' fl3.0YlN.',74

fin 40 %-A21.1,

-= JOFI- + *~k(Aj

C *,*,.FOFT LATTTCE T$PIPCDTTN.4...
A7AA*m) = 0., (A(A4R7.m),A(k4~Fk8M))

117~l,:Pj= 0.333 * (4S#7mp)AF9~&?
I + l0 4% ?

A(7;1;+.- rO.3l 4* (A(,cflQ+M) + ?.0*A(t4Sl10.m))
AU47+41P1i= A(IR7+7.:P4)

r
C .... ~T- ty LOQOS.....

= A(QPI-2?,idl74) -A (Q37*,1 3'74) iA (1121 ?.t4r74)
I -A (1 1p3.,48r74)
n3 =~i(2 ml;4 024
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A(7pA7*Ml!-74) DI D 3

r .... FY PtVFLOPFE C(oMPIJTATION.O,...
04 = npVC-PQ(A(7+lMno) s-XD4)
09; = VARS(P)4 f'S)
RN' = n;G.A(cl+ 4

4n A(PS1?,?MI?4) = OSVCTRLr01d'YlA(S'1?4M;?4))
FPFE

C ..... F7 ITFP,5TTOi-),*..o

ASSIGN Dl9.nVf.9

DO SAl MAl,93
m JflFL + c Q3e*(NMA.l)

MM JDO + 6OO*(FAA-1)

C ****p.:4iJN F7 LoOPS.....
DI A(RS17+m43iQQ) * AQ(-)Mrcq
D2 =A (lnClqf4:r))A(O?+'C) +A (3901M~9

I-A (9837 +M -Qq)
n-3 = FZFA6o1.MIA599) * 02
A(916?*M;FP9) )

C 66660F7 -,OFT TFM WAVF~ so(f-r rONnITTO)N..,..

TF (JY.CrF,?.OP.,'ALF.'))(73O TO 4.7
A(21141C;QQ) =T Pt- + * 134,Q

C ..... F7 ENVELOPE COM~PUTAT10N .....
47 D)4 =VAPS(A(Q737+MI?4)104)

FRY = 4.GT.A(Q787+'S?4)
A(9787+MP4) = 0VCTPL(n~qhy&A(Q7.7+M:?A))
1)4 P PVCM~PS(A(91,MtA0),1X304)

0A VAPS(DWfS)
FRy 69.lGT.A(9Pl2+";;4)

~nA(g~1?+M:?&) = eCPn54;(IPt*?)

DO 60 MA=1,3

M JO)FL + 5936*0AA-1)

C *....MAAIII HX LOOPS.....o
01 =(QIM5Q

n)? =A( IQ1'lNQ9) -A ( jQ?6+M'%qL) +A (?fM'L'~

A(3901,M;lroQ) = 01 + 0?
C
C o**..H. FNVELOPF COMPUTATION .....

D4 =VAPS(A(4476',m$P4);flA)

A(456+m?4)= 0VCTPL(r4.FkYlA('?F6.MI4))
04 = (PVCMPPS(A(3QA0+lA00~)*RYID4)
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D;= V A PS,(04 9Ur
,= r.rC-T A(4551 +m ?4)

f 0 4(4 r,;1,P'?4) W AVC TPL ( nl;9P Y(t45 1 M 1 4))
FPF F

r ,,,,PIY JTFW.AjrOl.....

A= JnF 4qQ-ASi* (MA-1)

r *.*or-OFT LATTICE TP(T"CATION .....

AA(???)= P*433 * (A(]J137+'A;??)+A(1jj34.r!3?2)

I +A (11 139+m;?2))
AA?)= 0.3:13 * (A(III'"+*,) + P.fl*A(11160+04))

AAA(IglAOn) = G. ivxp~(AA(fl?4),hWAAA(1F6OO))
A (III37,+ Z?4)= O.QVCK4PPS (A ( 1O 13.MShOO) ,RW;A(11137*M?24))

C
C AI Wy LOOPS .. .. .

-A (658M;9P)

C
A(lnS1?+F-:6nn) = OkCP.AAI*f(OgWAll1+ln)
A(joc~j?,m:AC) = O1-VCTRL(O.flqrX;(1O51?.MgbOO))

.4 C ... Y FKVFt.OPF COMP(ITATION .. ...
= VA(1SCM1I37PA:;?4)%P4)

PY f4.GT.A(IllAP+'M%?4)
7nl A(I162.'A:?>4) = OPVCTRL(OI,.yAt(l11162,m?24))

r ..... H7 ITE'PATION.o..

ASSICN fl?PonyN573

c ....."-OFT LATTTCF TPUNCATTON,..
AA ?) = O.- * (A (LS?77+14)+A(5A7k'.m)o

= A*. f(A (PQ% 77+m) * +A('PQC..M)

A(1:0 0(,) = )#-.VPI)(AA( ;24) *FIWSAAAcl;6OO)
A ()Q(-+ ?4 OF'VCPS(A (SP5M60) sWA(-f'76+M24))

r H -7 LO()PS,.*..

34



A4q?77,mlr,73) = 01 + n? A1'?"74

A nl A('Sp'~j.m~-of) = CACT(-(n.01, -0 *A ,1.Mf)I lfl

FPF E
P 2 CON"TIN'AIF

IF tr L t F .1) O TO 94

Cu .... TPhbSf I- rPLAF Ni). Irfl . .. ..

. ... .Fx * FZ TRUNrATTOS .. .. .
A(6S?+MlP'-= A (q937+M;t6?',)

A(5Q37#M:6S?r,) 6 (7?37,M:h?cN)
A(7?37,+4f6?') A= 61;2i

A (c;7+ ; 2))= A ('37?+:m ?,

c .*.*.I-X ITEIPATTlN .. .. .

ASSIGN ?IV9.nYN5Q

I -A +91?.n?~d

;4= V4Sc(A(4&7A~l4*.?4),,P/)

0'& = nPVCM~PPC,(A(3qnnm;6no),t"X:L4)

r~= VAF4S(I)410,))
R= fPa*PT.A(4S"1.Ml?4)

A(6qql+V:P4) = OPCP~cvYP4~jkP)

.. *,I7 ITERATION.....

ASSIGN D?..OV".'o573
A ()= Ci.5 * 4rP 7 m A(%7P M)

AA(U4?P) 0.~31-4 * (A(ciP77+M;?1)+Ae(,M7$4,;?l)

AA(?)4) = O.r% * (A(EpAQA+WM) + AC-AQClM))
AAA(116OO) = CPVXP')(A4(13?4),t~l1AAA(1IthO))
A(A76,m;?4) = OvrmpPpS(a(sPi,?+t.45hOO).bRWtAJ7h6vm4;A))
r)] A(ci?77IMft'-7.4)

0)?

A(Q?77+M;' 73) = Dl + 07

A O'ij1+m3g41f) = Ok\VCTPL .iqb-x*A(r7s1jm6(,))
FPFF



Q,4 Tl = ;FrOr,WCP)

C .....JIFL' f NVFLnPF PWINTWIT POUTINE. ....
inn]O L=NI-AFqNWAXONHftLF

IF (N.FO.t )(,0 To 1 1]
10l,0 Col TTP11Fl

TF~.FerK~~4dTn 101

611A TO lq
r

r .*... AT f,-OPl7Ot1'TAL SymwFTk-y PLANE ....
I T] F (t. ' .1 It x) I DJN= I

1F(!PAAT(1IH).r-?X-t?7 -+7 FNJVFL.OPF FOP TIME- STEP =911;
I //f,h?)9I5N-PLANF 7 = ?4*rnxg//*2x*IHJ,/)

C A tL FV(3V I %PC T r)IJN)
r

L) rlT NT 1 ('4*'

I oz, FC MT(l.j-?XP7-PX FNjVF10P-. FOP TP'EF STEP =91is.
7 .2 ?4*.[Xg//*?XglH7*/

rAl L FhV(4c?.>6,4.77FS..TPllN)

PPINT IPl5. N

Pc ;n'pmAT(]H1,;?Px,?7 -HV Ff\ A FOP TIME STEP =9159
1 //*fAelqP-PL4KiF 7 = ?4*DX*//g?X.1t4J%/)

r C...,.AT V#&OTICAL. ;Ymt,,FTPY PLANE .. ..
PI T 1fl# TI~ STEP NI

("I F(rAiATf1l~c-?x*?7HF7 F,.VF1oPF FOP Tm TP=1,
1. //e(-7Xl7H-iILANF X = ?4.E.*rlXv//,?Aq1HJ9/)

CA-

P'PTrNT lOp. NJ
IC P F AT(lH)#,?Xe?7IHF ENVELOPF FOP TIME STEP =,I%~

1 ~ ~~~~ =/#?~7NLN 24.5*nXq//q2Xvlt4J,/)
C-Al F/c ;r176,'-C*T~liJ)

r
I CQO (NkT TK-1IF

n r. OTI,If-F
T = I- , iPor4' CCIr

Pijr-T 1cf't Tis
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RNN(I) I

00 1 Ly=?.lflo
LOC = LOUC + (LY-1)*53Q3
LOCI =I *(LY-I)*7'S

I P(Lor I? = (.AA(F * A (I Or ?L)
I A(LOCS?rl) 0

IF(IPkINCH4.FQ.0)GJ TO 4
O p 1YP.100
LOCI + (Ly1l)*?S
LOCh = L(TI + 14

2 WPTTE(P93) (TP(LL).LL=LoCI*LOCII)
3 FOP.MAT(IOT6)

4 DO c; tY=?*IPOf

LYY = 107 LY
= ~ * (LYY-I)*?S

LOCIT =Lori i 1
V- PPINT 6o L YY, (TP(LL) .LL =0C I 9L (CTT)
A FOPMAT (lXT3*, X,?fn6)

PO TNT 7.9W (1-1.() 9 LL =S 4)
7 F0PMAT(//oPX,?(IIA )

R FT I RMt
END
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2.4 Problem D -- Task 2, Case 2

(Section 4.2 of Volume 1)

The following 12 pages list the computer program for the 24 x 100 x 48

cell -- 1800 time step run of Problem D. The problem solved is penetration

of a 12.8 cm diameter, 28 cm long, missile guidance section by a 300 MHz

plane wave at axial incidence, for the case of the interior dielectric

components, metal components, and wires modeled.
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PROGRAM FDTf(INPUTOUTPUTTAP0bDINPUTTAPEuj=TAPFB)
C
C RUN TASK?-- STEADY 300 MHZ PLANE WAVE INkA&)IATION OF A
C 12.8 CM DIAhffTEO MISSILE GUIDANCE SECTION___
C CASE 11- INTFRIOR METAL AND DIELFCTRIC COMONNTS MODELED
C INCIDENT WAVE COMPONtNTS ARE EZ ANL' HX
C 26 X 100 X 4A CELL CIJ81C SPACE LATTICE IS USt.D
C UNIT CFLL DIAPETEP a OX = 0.33 Cm = WAVELEo~oTH/300
-c EVEN SYMME.TRY ABOUT LATTICE PLANE X =24*5*ilX IS ASSUMED
C SOFT TFM WAVE SOUPCE CONDITION IS USED AT PLANE Y =3,0*DX
C SOFT LATTICE TkUNCATIONS ARE USED
C PROGRAM IS OPTIMIZED FOR THE CD~C STAk-100
C

RFAL MO1P* M~UZ
DIMENSION A(156S00)Z(5SOO).AAA(1200),bUI(600),AA(44k).
1 DD(24),DE(48),DF(4$),CA(9),CB(9),EPS(9),SIG(9)
COMMON A.
VESCRIPTOk D1,02.D3,04,D~qL)6,NFDAlA?bJobV.BW,$XtfY04
BIT BtJBBU(0O)BVBV(1200).HW.bw(120)HXBE6X(l200).
1 BY988Y(24),q37,B8Z(48)
ASSIGN OU9FRU01600)
ASSIGN BV*BRV(1l1200)
ASSIGN 9W98FW(1;1200)
ASSIGN HXIHBX(111200)
ASSIGN BY.'3RY(1;24)
ASSIGN 8ZBRZC1148)
ASSIGN D4,DD(1824)
ASSIJGN V5,&E(1U48)
ASSIGN 069DF(1;48)
TI x SECOND(CP).9. PRINT 150, TI

150 FORMAT(F20.5)
C
C .... *I* PRORLEM PARAMETERS .....

FPEQ = 3,OF.FA
DX Po0.0/3.0
NPR =
DATA EPS /1.0v 1.09 1.0, 5.5, 4., 5.3. 1.0. 1.0. 8.0/
DATA S1G /0.09 397E#79 0.025, 0.00249 O00089 0.0, 6s.E6
1 397E+79 0901/
NMAX lc 0

c
C ... II ASIC AND DERIVED CONSTANTS%....

PI a 3,14159265
MUZ = 4.0 * PI * 190E-7
EPSZ = goSS4E-12
DT = DX / 6,0E+8
NI4ALF =0.5 / RFQ / OT
P DT P .0 /ERSZ
PA a IDT**? / DX**2 / MU7 /EPSZ
PS z DT / OX /MUZ
RC a 1.OE+4 /RS
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Rn)=?. PI FREQ D T
IPUN 0

CA(IIQ) =0.

Cbi(1;9) =0.

B3W =0VMIO(j,2SMHW)
S= QPVMK7(24,?SPRX)

__ O ~1MF2
EAF R * SIG(I) / PS(I)
CACI) = (1.0 - EAF) / (1.0 + EAF)
?CR(I) = RA / EPS(I) / (1.0 + kAF)

C
c .. Ill. LOAD VECTOP A.....
C *....ZFPO INITIAL FIFLDS.....

Z111550) = n
A(111SO,0) a0.
A(155000114;500s) a 0.

c
C *..TYPE OF MEDIUM.....

kEAD(;n04,END=?019FPP=201)(Z) 1100

4 FOPPAT(75F.oo)
READ(hG949END=201tEPR=201) (Z(1),I=5001,5600)
RFAD(60q4,FND=201,EPR=201) (Z(I) ,I=2501,3100)
DO 5 =9

JOEL =(J-1) * 15500
5 ACJDEL*115';0C) = Z(111500)

C
00) 55 J=7914
READuso.4.FNO=201,EPP=201) (Z(1)91=19600)
READ(60q4,END=?nl1,FPR=2nl) (Z(I)9I=5001,SbOO)
RFAD)(f094.END=201,ERR=201) (Z(I)oI=250193100)
JDFL = (J-1) * 15500

5SCJ)L1150)=Z1150
55AJE.;S00 (150

D0 6 JA=15971,7
READLAO.49END=?01vERR=2Q1) (Z(I)91=1#600)
RFAD(60,4,END=201*ERR=?0l) (Z(I) ,I=5001,5b00)
PFAD(60,4,ENn=2Q1,FRR=?01) (Z(I)9I=2501,3100)
JOEL = (JA-1) * 15500
A(JOEL+1115500) = Z(1;1550n)
PEAD(60t4,END=?01.ERPz20j) (Z(1) ,1=19600)
REAfl(60s4sENn=?Q1 .FRR=201) (Z(1)91I=500195600)
00) 6 JRl.96
JUlL -=(JA*JR-1) *lrbOO I

6 AC: DEV#1;15r-500) =Z(1;15500)

00-7 J93.9100
Jtr.L =(J-1) * 15500

7-A(~J)i +isusno) = 7(iiiss00)
C

--- ,..!AD(604,NC=01,FRR=20)) (ZCI),!=l*600)
kEAD(60q4o.Nfl2019ERP=201) (Z(I),T.5001,5600)
kEA0(b014vFND=2019ER=201) (Z(1)91=250193100)
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Do a j=75,77
JDFI a (J-11*150

8 A(JDEL#1U15500) = Z(115500O)

READ(60949END 2019ERRu201) (Z(I) .1=2501,3100)
j a 7F%

JOEL = (J-1) * 15500
AAnFl &~Itllr%%fl) a 7(l 31q.00)

RFhfltf~f.4EwD=2Q1.F:RR=201) (Z(II',Tzlv600)

IEAD(6O4ENDu?0IERRzZ01) (Z(I)1=5001,5600)
J = 79

JOEL x (J-1) * 15500
At.inFllFl131,nflf) c 7fi2I'ri0n)

READ(60v4,EN0z20lERRz2O1) (Z(1) .1=5001,5600)
READ(60949END20,ERR=201) (Z(1)91I=250193100)
D0 9 J=80964
JDEL c (J-1) * 15500

9 A(JDEL*1U1550J) c ZMf15500)

READ(60,49EN02201,ERR?201) (Z(i) .1=250193TD-)

JDEL = (J-1) * 15500
A(JDEL#1H15500) =Z(1815500)

C
READ 60*4,END201 ,ERR=20l) (Z (l)91=1,600)
REA016094vENO=201,ERRz?01) jZtl)qjz=5001,SbOO)
REAO)(60,4vEN0=201*ERRx201) (Z(1),1=250193100)
DO 10 J=86987
JOEL a (J-1) * 15500

10 A(JDEL#1U15500) = Z(lt;15500)
c

READ(66,49END=2019ERR22O1) (Z(1)91=19,600)
READ(60*49ENDgk01,ERRn201) (Z(I)9Iz500l9b00)
READ(60949ENDZ2019ERRZO01) (Z(I)oI=250193100)
00 11 JUS8.91
JOEL = (J-1) * 15500

11 A(JDEL#1;15500) = Z(1115500)
C

READ(60949ENDzO019ERR=2O1) (Z(I) .1=1,600)
REAO(60,4,EN03201,ERR=201) (Z(1)qISo~j,5600)
J = 92
JOEL = (J-1) * 15500
A(JOEL+,U15500) a Z(1;15500)

C ..... PARTIAL SYMMETRY ABOUT Z 24*0*UX*****
DO 12 Jz29100
JOEL a (J-1) *15500
KMAX a 49
DO 1? JAI.93
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JR uJOEL *(A1*50*

BUF(11600) *A(JS3600)

BU z BUF(1;600)*GT*6,5
BUF(1;600) =Q8VCTRL(3.o,9U;IbUF(11600))
IF (JA.EQ*3)KMAX=48
ACJR*600125) = SUF(576125)
DO 12 K=1924
KA = (K-i) * 25
KH = (KMAX-K) * 25

12 A(jB.r8$25) = bUF(KA+1I25)
C
C ... .t.ON-SYMMETRIC GROUND WIRE:...

JOEL = (J-1) * 15500

A(JDEL.5000.KUE=) 7.

AlJE*24 = 7e.
13AJE+ 9 = 0.0

DO 214 J?,100
JOEL = (J-1)*2 15500

AJ = (JA-1*?500) = 1*
AJ = JR * 1250 = 79

14AJDF 20*DEL =790U0

ASSIGNEl.JR1200) A
2ASSIGNJC1200) U 2

ASSIGN NF09NON*1AX
TEl = SI(LATN*D)*R

MCALL = 3J1 * II15500~c)/,
DO__ 21Y MCA=19T 3) CL

J8 =(JA-)*?50 42



C ,,,,.TRANSVERSE PLANE NO* 1.....
C 669..EX, UZ TPIJNCATIONSo....

A(750191250) =A1;1250)
A(11129;0) = A(2300111250)
A(10201;1250) 2A(1251;1250)

A(1251;1250) 2A(2570191250)

C
C *,o.EY ITERATION.....

ASSI1GN fll..DYN.1174
ASSIGN D?,.DYN91174

C RTND*nN17

A(Sa261 a 0.5 * (A(10076)*A(10077))
A(FA827122) = 0.333 * (A(10076;22).A(10072?!).A(I007b;22J)
A1B84Q) = 0,333 * (A(10099)*2*0*A(10099))
A(100761?4) = A(8651;24)

A(10026) = 0.5 * (A(10101)*A(1O0?0))
AhInn?712) = 0,333 * (A(10101?2.)A(l01022?).A(l0103I22?)
A(10049) = 09333 * (A(l0123)+2.O*A(10124))
Ailnflnht24) =AIIOO011241

C
ni j t AtAg~lslllhl
D2 A(1155131174)-A(11526;1174) .A(14201;1174)-A(14202;1174)

01~ CR I * D2
A(885111174) = DI * 0)3
FRFF

C
r --,--TQANSFR-F PiAMPS P in-,-

DO 82 JY=1,I4CALL
JDEL - .-. lI~ * Aficinn __ _ _ __ _ _ _

C
C q*...EX ITERATION.....

ASSIGN D199OYN91173
ASSIGN fl2.onYN91173___
ASSIGN 039*DYN.1173

DO 30 P4AU193
m= JDEL + 1Sb;00*(MA-1)

A(230?4.M) = 0.5 * (A(24273.M)*A(24274,M))

A(2425?#M$23) = A(?302T*MI23)
C

Ac2420?#.') = 0.5 * (A(24277*m)+A(?4278*M))
A(24203+tA$21) = 0.333 0 (A(24277T.42)A(2478.t4I~1)

A(24224t4) = 05 *(A(24298+M)*A(2429q))
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A(?4277.IaI?3) A(?4177*M;23)

C 90009MAIN EX LOOPS.....
01 = A(1%5?7*ml1173) * A(23027.M11173)
0? a A(247O?.m1 1173)-A(142O2.Vh1173) .A(28352.M11l73)

03 =A(16777*MI1173) D? 0?237+113

A(P3027#t41173) = DI D 3

C ..... EX ENVELOPE COM4PUTATION .....
04 = VAbS(A(23601+M;24) 104)
BY = 4oGToA(?430j+M$24)

30 A?24301*M?24) = QVCTRLD4tY;A(2431M2efl
FPFF

C ....o.EY ITERATION.....
ASSIGN D1,.DYN.1174
ASSIGN O?..9DYN.1174
ASSIGN 03.onyN.1174

00 40 MA=1.3
m = JDEL + 15500*(MA-1)

C ..... SOFT LATTICE TRUJNCATIONS .....
A(243?6*M) = 0.5 * (A(25576*M)*A(25577+M))
A(24327.M??2) = 0.333 * (A(25576+M22)+A(25577+M$22)
1 *A(25578+M922))
A(2434q4P4) = 0.333 * (A(?S598+M)+2.0*A(25599#M))
A(?5'S76#M;24) = A(24351*M$24)

AC?55?6+M) = 0.5 * (A(25601*M)4A(?5602t4))
A(25527+0122) = 0,333 * (A(25b01+M$22).A(25602+M;22)
1 *A(25603*M$22))
A(25549+M) = n.333 * (A(2b623+M).?.O*A(25624#M))
A(2560140$24) = A(25501#MI24)

C
C o.seePAIN EY LOOPS.....

D1 = A(18026*hM1174) * A(24351+M;1174)
D? = A 2706ilPi 1l74)-A?7026.M;1174 .A(29701.M;1174)
1 -A (29702+MS11174)
03 = A(19?76.PM;1174) * D2
A(2435,1*Mh1174) = Dl + D3

qv~ooFY ENVELOPE COMPUTATIONo ....
04 = VAfIS(A(24926.t4124)$04)
BY = D4,GT*A(2566*AM;24)
A(756?6om?24) = ORVCTPL(D4vbYlA(2562b+Ml24))

D= 08VC'PRS(A?24325.MlI?00),aXlo5)
06 = VAFSSM06)
F47 = D69GTsA(2565j+M;48)

-4-0 A(256S1,M$48) =QRVCTRL(DbodZ;A(25651.M48')
FRE
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C
C ... EZ ITERATION*.....

ASSIGN D1q,.YNoj199
ASSIGN )29,.DYNa1199

ASSIGN D3v..YNqII99

00 50 MAz1,3
M JOEL + 15500*(MA-1)

C .....MAIN EZ LOOPS.....
01 A(20501+M;1199) * At25701'4;I1'99

D2 =A(28352.M;1199)-A(?R3514M;1199).A(112oM;l 119)
1 -A (27026.94;1199)
D3 =A(21751+M11199) D 2
A(25T01.M;1199) = DI D 3

c **94)*.F7 SOFT TEM WAVE SOUkCE CONDITION ... o.

IF(JYGEP*OR*MALF,2)GO TO 47
A(56701;119Q) = TFRM + A(56701;1199)

C
c ..... EZ ENJVELOPE COM4PUTATION.... ,
47 A(26926*M;24) =0.5 * (A(26276+MI?4)+A(2b301.M?24))

D4. z VAB(A26926+M;24);D4)
BY = D4,GTA(26951+M;24)
A(269514124) c Q8VCTRL(D4q8Y;A(2695I+M;?4))

C
D5 z RVCMPRS(A(?5700+M;1200),HXl05)

06 = VABS(D5L16)
B7 = f6.GT.A(26976*M;4)

50 A(?6976*MI48) = Q8VCTRL(D69dz1A(26976+M;48))

C ..*.oHX ITERATION,ooo.
On Anf MAz1.l
M = JPEL + ISS00*(MA-1)

C ..... MAIN HX LOOPS....
DI = A(11526*M;1199)
0? z A (R851.F' 1199)-A (8826.M 1199) ,A(10201.m;1199)

I -A (25701.tM1199)
A(115?6*M$1199) = 01 + D2

C o,,ohIX LNVELOPE COMPUTATION.....
AI127'5lM;241 = 0.5 * (A(1210I+MIP4)+A(12126+Mj24))
D4 2VAPS(A(1275I+Ml24) 104)

A(12776*M;24) = Q8VCTRL(D496Y;A(12T76+M424))

D= G8VCMPRS(A(115.!5M1200),HX$05)
D6 =VARS(05106)
BZ Dh*GT*A(12801*M;48)

60 A(1?801*M;48) zQ8VCTRL(D698Z;A(1?801.Ml4
8 ))___

FRE
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C *...0HY ITERATION,,,,,
ASSIGN Dl,.DYN.1196
ASSIGN n?9.OYN.1198

M JDFL # 15500*(MA-1)

C .....eSOFT LATTICE TRUNCATION .....
AA(1) =0.5 * (A(296nl1.M)+A(e9b0294))
AA(2?46) = 0.333 * (A(2960I#M;46)+A(29b02+Ml46)
1 +A(29603#M146))
AA(4R) =0.5 * (A(?9647*M)*A(29648*M))
AAA(111200) = Q8VXPNO(AA(1;4e) ,BW;AAA(1Ui200))
A(?9601.H;48) =Q8VCMPRS(A(28352.Mh1200),BWIA(29601.M,48))

C ,o..oMAIN My LOOPS.....
01 = A(28352+m$1199)
D? = A(25702*mHllY8)-A(25701*m1llqg)#A(23002*M;1198)
1 -A (23027#MI1198)
A(28352+431198) DI + 0?

C
A(28351+MH1200) = QRVCTRL(AAA(1H1200) BW#A(28351.M$1200))
A(?8351+M;1?00) = Q8VCTRL(0e0,HXlA(28351.M;1200))

C
C H..~Y ENVELOPE COMPUTATION.....

A(?95;;.P424) = 0*5 * (A(28926+M;?4)+A(28951+M;24))
04 = VABS(A(29576+MIs24);D4)
H= D4oGT.A(29651.+4;24)

70 A(P9651+M124) =QGVCTRL(D4,eY;A(29651p4;24))
FREE

C
C ..... HZ ITERATION.....

ASSIGN DL,.DYN*1173
ASSIGN D?,.OYN*1173

DO 80 mAI,93
M = JOEL + 155000(MA-1)

C *.s.*.SOFT LATTICE TRUNCATION .....
AA(?) = 0.5 * (AC15427.t4).A(1542R.M))
AAc3;45) = 0.333 * (A(154Z7#1445)+A(I5428+Ml45)
1 *A(15429+M;45))
AA(48) = 0.5 * CA(15472.t4)#A(1b473A4))
AAAU1;1200) = O8VXPND(AA(1;48),RW;AAA(1U1200))
A(15426.U.148) = Q8VCMPRS(A(14177.rn1200),8W;A(15426.M$48))

C
C .....tAIN HZ LOOPS.....

01 = A(14202*M;1173)
0? = A(23027.M 1173)-A(7527.M;1173 .A(8851.m11l73)
1 -A (885?.'4 1173)
A(14??.M$1173) D= 01 10?
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A(14176.m;1200) = Q8VCTRL(AAA(1;1200),8HWAc141764M;120J))
A(14176,M 1200) = QOVCTPL(O.0, -XA(1417b~'fl?0O))

C
C .....IiZ ENVELOPE COMPUTATION ..... _________

04 = VARS(A(14776*M424)0D4)
B= D4,6TA(15476*m;24)

R0 A(15476.M$?4) OB0VCTRL(049bY;A(15476*M;24))
FREE

R2 CONTINUE
IF(MCALLeLE.32)6O TO 94

C *....TPANSVERISE PLANE NO. 101 .....
M = 99 * Is'iou

C
C ... ..EX9 EZ TRINCATIONS.....

A(?3001+MU1250) = A(15501.MU12bo)
A(15501.+.q1250) z A(16751+MH125O)
A(16751*M$1250) x A(7501+M;12bQ1)

A(?5701+10;1?5O) = A(l8ool.M;lebo)
A(18001.MHl?50) a A(19251+MlibP)
A(19251*MH1?50) = A(102n1.MI1250)

C tooooHX ITERATION.....
ASSIGN Dl,.DYN*1199
ASSIGN D9,.DYtN.1199
DI AM1S26+W'1199)
D? = A(F851,9d1199)-A(8?6MH1IQ9) .A(10201.'41199)

A;1 -A(25701+M;1149)
A(11526*,M;1199) =01 + 02

C
A(1?7510.M?4) = 0.5 * (A(12101+M%24)+A(1212b*M424))
n4 = VAESS(A(12791*M;24) D4)
H= D4.GT.A(12776'48?4)

AC'12776*IAq24) a QHVCTRL(r)'d8Y;A(12776*M;24))
C

05 2 RVC9PRS(p(11525M1I?00),ID5-)
D6 = VARS(OSU06)
HZ = D69GTeA(12801.#4,48)
A(12801+MN4) =QPVCTPL(r)69BZlA(12A0I+M;4ds))
FREE

c_________________________________

C ooo*.HZ ITERATION .....*
ASSIG14 r)1.DYN*1173
ASSIGN 029*DYN@1173
AA(21 z 0.5 0 (A(154?7*M)#A(1b428*M4U
AA(3145) = OJ33 * (A(I5427+M;45)+A(j9429*Ml45)
I +At15429*M45) i
AA(48) - 0.5 *(A(lS47?*v).A(1b473+M))

AAA(1212001 = BVXPND(AAi1;48).BWSAAA(1U1200))
A(524I8 CCPSA117*$209WA146M4)

r (~2.s8 RCPSA117.I0),11 146M4)
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DI = Ac14202+m;1173)
Q= Ar?'10?7+MH 1731-A(75?7.MllZI .A(A85l1mi1173)

1 ;-A (88524MI1173)
A(14?n?+Mh1173) = .Dl 4. 02
A(14176+M;1200) = GVCTRL(AAA(llZOO0) .&W3A(14176.r4;12oo))
Ae1417,,Mfl1fl) x Q8VCTgL(6,0.F4X1Afl4l76+Ml200))

04 = yiA8StAf1477E'+MNI411Q4)

f4Y = 1)4.GTA(15476*M;24)
At1c;7&.M&?4) =ORV)CTRI cD4.bY;A(1%476.MI24J))
FREE

94 T3 = SECONDHCP)
PRINT 1509 T3

s.*..FIEL) ENVELOPE PRINTOUT ROUTINE.....
DO 100 L=NHALFNMAXNHALF
IF(N.EQ.L)('o TO 101

100 CONTINUE
IF(N*EG.NIPAX)GO TO 101
GO TO_199 __ _ _ _ _ _ _ _ _ _____ ____

C
C ..... AT tMURIZONTAL ObSERVATION PLANE....*

101 IF(N*FQ*NMAX)IPUNIl
PPINT 10?9 N

10? FOPMAT(1H1952X,2T4EX ENVELOPE FOP TIME STE.P .
1 //,6?XISHPLANE Z = 24*DX9//92X#1HJ9/)
CALL ENVf8OI,?0,PCIPUN)

C
PRINT 1039 N

103 FOPMATC1H],52X,27HEY ENVELOPE FOR TIME STEP =9159
r I//,62X91514PLANE Z =24*DX9//92X,1H~j,/7)

( CALL ENV(10126,20*RCIPUN)

PRINT 104, N
104 FORMAT(1952X,2THEZ ENVELOPE FOR TIME STEP7 .159

I //962X9I5HPLANE Z = 24*DX9//92X,1HJ9/)
CALL ENV(11451920,RCIPIN)

C
PRINT 105, N

10q FORMAT(1HI,52X,27HHX ENVELOPE FOR TIME STEP u9159
1 //,62X915HPLANE Z z 24*OX,//o2XolHJ,/)
CALL FAIsVf1?77b#209,77E+6,IPUN)

PRINT l0of, N
106~ F0PMAT(1$1,52X,?7HHY ENVELOPE FOR TImE STEP m,159

1 //,62X,1SHPLANE Z = 24*OX,//9?X,1MJ,/)
CALL ENV(14151920O,77E46,IPUN)

c
PRINT 107, N

107 FOPMAT~1H1,S2X927HHZ ENVELOPE FOR TIME STEP stI5v
1 //,62XISMPLANE 7 a24*DX,//o2X~lIJ,/)

___CALL FV(15476q20,3.77E+f6,IPUN)
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C ***,,AT VLRTICAL SYME T4Y PLANE .....
PRINT 108. N

lOA FOPMAT(1H1*5?X9?7HE7 ENVELOPt FOk TIME STE.P =.I'-%.
I //,6PXI7L4PLANE X o 24.S*DX,//v2XviI-j,9/)
CALLFHV(1147640.RC,_IPUN) ____

PRINT 10oQ N
109 FOPMAT(1H1,5?X,27HHX ENVELOPE FOR TIME STtP =vI59

1 //962X,17HPLANE X = e4o5*0X9//2X*lt"J')_
CALL FNV (1?R01,4093o77E+6%IPUN)
CUR1 = A(49*15b00+1O178) * RC * 73.33
CUP? = A(78*15500+10161) * PC * 73.33
PRINT 1509 CURI
PPINT 1509 CUR?

C
PkINT 1109 N

110 FORMAT1M1.952X.27HEY FNVELOPL FOR TIME STEP =9159
1 //,62X,17?4PLANE X 24.SoDX9//t2X#1-jv/)
CALL FNV(10151,4noRCIPUN)

C

199 CONTINUE
?fl0 CONTINUE
?01 T& = SFCOND(CP)

PRINT 150, T4
STOP
END

V SUBROUTINE ENV CLOCA9NUM,SCALEIUNC'H)
DIMENSION A(1565500)9IP(4000),NN(50)
COMMON A

DO 1 1=1,;50

t~~ 1 NN(U

LOC = LOCA + CLY-1)*15500 + 4

IPcLOCI;NUM) = SCALE * A(LOC;NUM)-
2 A(LOCINUM) = 0.

C
IF(IPUNCHEQ,0)G0 TO 5
Do 3 -LY=29100
LOCI I 1 (LY-1)*40
LOCII LOCI - 1 * NUM

3 WRITE(8,4) (IP(LL) ,LL=LOCILOCII)
4 F 0R MA-T-(101-6)

C
5 LXM = NUM/2n

00 8 LX=1,LXM
LXA x I + (LX-1)*20
LA z LXA + 4
LZ = LA + 19
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DO 6 LY=2,100
LYY =102 - LY
LOCI =LXA + (LYY-1)*40
LOCH LOCI + 19

6 PRINT 79 LYY, (IP(LL)oLL=LOC1,LOCII)
7 FORMAT(I1X3,5X92OI6)
S PRINT 9, (NN(LL),LL=LALZ)
9 FORMAT(//gAX,20169//////)

C
RFTURN
END
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2.5 Problem E -- Task 5, Case 1

SSection 7.4.1 of Volume 1)

The following 10 pages list the computer program for the 24 x 163 x 24

cell -- 800 time step run of Problem E. The problem solved is a hybrid meth-

od of moments/FD-TD analysis of penetration of a 19.0 cm diameter, 68.5 cm

long, open-ended aluminum cylinder by a 300 MHz plane wave at axial incidence.
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PROGRAM F-I'Tnl (INaPtTOTPTTAPE60=TNPUTTAPF$=TAPFA,

C PAIN TA-SKr'--- IV'TEPFACIN, THE FL-TO METHOD WITH THF METHOD OF
C MOMEN~TS
C CASE I- STFADY 300 MHZ TFM IHRAnIATION OF A 19.0 CM

C DIAMFTFR, 68.S CM LON(-* OPEN-ENDED ALUMINUM
r -CYLIN(rFEP__ _ _______ _____

C AXIAL-INCIDFNCE PLANE WAVE WITH COMPONENTS F7 ANn HX
c MODFLFn USING SCHELKUNUFF FOUIVALENCE THEOREM WITH
C PPOF, DON WILTONIS M-O-M APERTURE CURRENT DATA
C ?4 X 163 X ?4 CELL CURIC SPAC LATTICE IS USED
C UNIT CELI rITAMETER = D)X = 0.5 CM = WAVELENGTH/200
C -EVFNS;YMMFETRYA-4OUT LATTICE PLANES X = ?4*5*DX AND
C 7 =?4.0*DX IS ASSUIMED

C -SOFT __LAT -TICF TPUNCATIONS ARE USFD
C PROGPAM IS OPTIMIZED) FOP THE CDC STAR-100

REAL (I~eM(JZp JXMAGp JXPHA, JXSRC9 JZMAG, JZPHA, JZSRC
DIMENSIONA (973504),CEXR(97h0),CFYB(97h00),CEZP(97RO0),

I __ - (-'936f),AAA(600).JXMAG(600),JXPHA(6,0OJXSRC(6O003
2 JZMA(,600),JZPHA(b00),JZSRC(600),AA(25),DD(?4)9
3 DEF?4).CA(q),CH(9),iFPS(3),SIG(3)
COMMON A9CEX~qCFYH9CEL3
DESCPIPTOP Dl .D?,D3,fl4,OSNFDAI A?,RVHWBX.RVPQ

ASSIGN RQHP61;60n) - ____________

ASSIGN PVoPPP(Il6OO)
ASSIGN FW,PW(I;6OO)

ASSIGN kX9PHX(IlAl0)
-ASSIGN FY*PPY (1?24)_-____________
ASSIGN fl4,PvD(1;?4)

TI= SFCOND)(CP)

ISO FORMAT (F20,5)

r *....I. PRORLEM PAPAMEFTEkS.....

Dx= 0,005
__ MPP =I

DATA FPS/ I*0q 1.09 100/
D0ATA ~G ~, iT., 0.01/
NMAX =$00

C 11,.II BASIC AND) DEkIVEI CONSTANTS.....
PT ;:14159265

M07 4.n * PI * h.OE-7
__PL= 8--E5 AF :--? _________________________

P OT /P.0 / PSZ
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RA = flT**p z OX**P /mi17 / IPS7
RR = DT D X IMU7

____ 1.0 O R
RD =?.0 P * FPFQ * OT
IPUN = 0 _ _ _ _ _ _ _ _ _ _ _ _ _

C

8= OPVMtO(19?5HW)____
RX = OPVMKZ(?49258HX)

_ _ _ DO _2 -1=1 ,pdPR __ _ _ _ _ _ _ _ _ _ _ _

EAF z P * SIS(I) / EPS(I)
CA(I) = (loo-EAF) / (190#EAF)

2~CP(I) = PA / EPSTl / (1.0+EAF)

C .....III. LOAD VECTOP Ao...
C a&__AZFRO INITIAL FIELDS.....

Z(11Sc.36 0.
A(115936) f-1.
A(967569;5936) = 0.

C ... TYPE OF mEDItUM..o..
PFAD(f094END=?012ERR=201) (7(1)91=19600)

4 FORMAT (75F1.O)
READ(60o49END=201.ERR2?01) (Z(I)t.I?601932001
READ(6094,ENn=2O1,ERR?l) (7(I)91=130191900)

JDFL 2(J-1) * 5936
5 A DELt-It-S936-= ZA1l~q36 ________

DO 6 J=1529163
JnFI = (J-1 * 59-36

6 AIJDEL#115936) = 7(1$5936)

RFAD (60,49FND=2O1 ERR=201) (Z (I), 1=1,600)
RFAD 160 4 .FN0201.FRR=?OIL tZ (I) .T=260193200)
REAn(6094,ENn=201,EPR=201) (Z(I) ,I=130191900)
DO 7 .114m7lfl
JDFL = (i-i) * 5936

_._ILTALJDEL+1 I5936). ZA1;r936L______ ______

C
~RAREAfl.4ENl:?019RP=?01) (Z(I) .1=1.600)

REAO(60q4sENO=?01,EPR=201) (Z(I)*I=2601,3201))
RFAnlAO&4.FNr,=~01.FRR=Pnl1 (7(II.T=13019190n)

JO)FI ( J-1~ S936

AJDEL1$5936) = Z(15S936)

C .. ***APEkTUPE EXCITATION.*..
RFhAfl.tlgFNfl~nl1.FQPu=l11 (JXMAf~ITl.T=1.E~00
PFAD(609l, FNJr=2019RR=201) (JXPIIA(T) ,Iml,600)
RFADf~ltnl9 fFNDflaFREPp~l) (JZMAG(T) .T1.6001
RFAD(60911,ENOx?019ERRw?0j) (JZPHA(r),Im1,6n0)

-- In FORMAT tIl?FA./elF&,P)_____
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11 FORMAT (?r3F3.0)

C .....MFDIA COFFFICIFNTS.....
-- ASSIGN? -A" X60-__________

ASSIGN A?,.OyNo600

Al = )o

DO ?3 J=?9163

JI)EM =(J-1) * 600

NFr) A(JPEL*1l600)
fll 20l J1.,mDIk

B4V = NFD.FO.JJ

-Al = -OAVCTkL(CACJJ),RVkAJj__________
20 A2 = 0RVCTPL(CIP(JJ),RVlA?)

A(JRFlA_*if00oj_ Al ___1____

CFXR(JflEM+l;AOO) = A

NFD =A(JDEL*13nl$600)
119 Pj jj=loMPP ____________

RV = NFDIEOIJJ
Al_= OAVCTR -LACA (Jj)R V AU_________

21 A? = ORVCTPL(Ck(JJ)98V;A?)
_____AjWDfl.L.U-3Q16Q0 x Al ____________

CEYB(JDFM+l1f,00) = A?

NFD =A(JCFL#26011600)

=V NPD.FQ.JJ
t Al = ORVCTPLCAJJ.9sVlA1)

2P A? =QRVCTPL(CH(JJ)*BV$AP)
A(jnEL+2?6011600) = Al _________

23 CEzp(JnFM*116OO) = A2

--T =- FC0NDLCP)
PRINT 1509 T?

C .....IoJ=* V. TIMAE-STEPPING LOOP .....

------------------ COMPUTE APERTUR~E SOURCE CURRENTS,...,
ASSIGN D1..OYNe600
ASS;5IGN f?,.DYNt600 n__ ____

ASSIGN 03q*DYNe600

01 = FLOAT(N) - JXPHA(1$600)

01 m 08VCTRL(0o0*PQlD1)
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on = VSIN(0?D13)
*1 ~ ~ ~ ~ ~ ~ ~ ~ ( ; ISC1~0 10*~~dGJ601 CH(1 D 3

C
_ Dl = F'IOATIN) JZPHA(11600)

o= ni.LT.O.0
ni- =.-Qv X~VT R-iQ o, 1) ___ __)

n? = fli * Rnf
__ D~~l3-c SIL~bI __ ______

J7SRC(1160O) = J7MAG(1;600) * CR() D 3

MCiAU. =7.+ IFIX(FLOA~T(N/690)
IF (tCALL*GTo54) MCALL=54

C .....TPANSVERSE PLANE NO. I1.....
-----------------------Fx. E7 TRUINCATIONS...

A(626$625) = A(1tf,?S)

A(32?616?,) = A(?601;625)
A (2601:625) = __At9L6236?'~)

C -- F TRATTON--.
ASSIGN!J D1,.DVN.574

-- ASSlfiNZ,_Dw)YN_574 _ ___

ASSIGN D39.DYN*574
____A(1926L) 5 *_&LjL A (LA255 2))

A(1927122) 0.333 * (A(2512)A(255222)A(2532?))
A(11Q = 0.333 * (A(2573) + ?.0*Ar?574fl

AI?551;24) = A(1951;24)
DI = CA(3). * A(19rwl$574) ___________

D? = A(39261574) -A(39014574) *A(527b$57'4) A(~5771574)
DLAI1 l~___________________D2__ __

A(19513574) = D1* D3
FFE

c
c~ ____._.~.TPANS VERSF LANES 2 -163.....

DO 92 JY=19MCALL
____ lLfiY-l*lAf_______________

JOEM = (JY-1) * 1800

C ..... EX ITEPATION .....
A SIGN DI,.fDY!L5_73 __ _ _________

ASSIGN D?..rlYN*573
--- ASUN D39 DYN.573--_ ___~_

m JnFL + 593b*(MA.1)
M= JDEM *~6~*(&1 _______

C
__ ,,.OF T AATTnE TPUNC4AT ~ ___- _____.-a

A(6563*m) = ('I* * (A(718P+M)+0(71R9.))
ASA54+M$21! 0,333 (A(718bhMl?l)#A(7lM9+ml?1)
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A (- rF9-5M) 0-#5b (A(7i9.)A 721.JQM)-) ___

A(718A#Ml?3) =A(65AR*M123)

c ...o*MAIN EX LOOPS...
DI = AfSQ63*MS73) * AtA;;.tb73)

_____-A 1Q538+Mb73)

03t = CFXH(6?T+MMIST3) *n

r --- Ix AIPFRTtIRF ;0ukICET CONDTTION.
IFCMFrl.1?*593b) A(656?.M6O)JXSRC(16 LOA(6562td6OO)

F PF F

C .....FY ITERATION.....

ASSIGN D?,.DYN.S74

ASSIGN DY'As.M51A.

- 00 lD MA lI3.- _ _ __ _ _ __ _ _ __ _ _ __ _ _ __ _ _

M =JPFL *5936*tt4A-1)

~ ~ .SOlET I A TT ICE TRIINCATTI h....

A(7P6?A4) = 0.5 * (A(8487+M)+A(84A8+M))
A(764M22) =Q0-31 * (AIR4A7+M??)A(44HA+M?)

= fl'~2 ~A~flQ.1 * A(R489+M$2?))

A(F47*M24)= AT7887#1.4;74)

C ,**o.MAIN EY LOOPS.....
r) =A7??.AT4 A 7.+ 1574 _________

0? =A (QS6?.M574J-A(9837.IMq574) .A(11l212.M;?4J
1 * 0? -A (1 1213*m%'74)

A.(7RR7+M&57-4) = D1 *- n3 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

C .... EY ENVELOPECOMPUTATION.....
n4 PVCN'PPS(A(7tA61+MS60l)qBXtln4)

8Y = flGT.A0('i12+Ml24)
4jA(1?*M;?4) 08VCTRLDiMYA(85?.M24))

FREE

C .. EZ ITEPATION ... a
ASS IGN D 9*Y.59Q
ASSIGN opo,nfYN.599
ASSIGN 039*0yN.'59Q__________ ____

00 50 mA1%3 _______

m jnFI * ;q3b@(MA-1)
JO iEM E600(MA-1)___________________
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C .....MAIN FZ LOOPS....
01 x AU8537*MI59Q) * A(916?*M;599)
D? = A (10S13#';599)-A(1051?.M'59) A(3901.MS;q9)
I -A (9837+M'99q)
D3 m CFZR(601+mMMSQ9) * 02
A(Q162*MciQQ) =DI + 03

C
C ..,,,JZ APERTURE SOURCE CONDITION.....

IF±~YA~.~593)_A(~6?,60O)RC(1;6O)+A(c#16?*Mlb0OOJ

C ~ ..... F7 ENVELOPE COMPUTATION .....
04 =VARS(A(Q737*MI?4)4n4)

A(9787*m;?4) = G8VCTRLCD4,1Y;A(Q787+ml?4))
-PA=QNC4R ALE±4360)X 4-________

DS = VABS04105)
PY = fl9,GTAE(t12+Mf?4)

50 A(9812+MI?4) = QPVCTRL(DrqF8Y;A(981?+M;24))

C ,***HiX ITERATION.....
_ DO 60 MA21.9 _ _ _ __ _ _ _ __ _ _ _ _ __ _ _ _ __ _ _ _ _

'4 =JOEL + 5936*(bIA-l)
c
C a....MA!N HX LOOPS.....

01 =A(3901+M4599)
0?2 A (1951*M;599) -A (19?6.Mb9I) A (3?26*M;599)

1 -A (9162*M;549)
A(3901+M1599) = DI + D?

BY = D5.GT.A(4551.M;24)
0A 4S?6+MI1 = Q8VCTRL(O5.tHYlA(45?6+Ml24Ij__-_

FRFE

C ..... NY ITERATION,....
ASSIGN D1..DYN.598
ASSIGN D2,.OYN.598

DO 70 MA=193
M =gDFL + 5936*(beA-1) __ ___

c a.....SOFT LATTICE TRUNCATION .....
AA(1) = Oo! * (A(11137.MJ.A(11138.M))

A~t2JIL,23~(A(11137*m??2) A( 11138+ms?2)
1 *A(11139+MI?2))

AAA(1;600) = (TVXPND(AA(1;24),bW;AAA(1$600))
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c A(11117*Mt24) =Q8VCMPRStA(10513,41600) 9W;A(11137.MS241)

C~ ~~; M A I AN P Y L __________P__

D1 A(10513*M;598)
D? A(9163.M59P),-A(9161 tMb!SL.)A(6563*M$59qP)____

1 -A (6588#Mb98b)
A1105V3+M1598) =DI + D2

C
At&1.30l=~CR-A.AAA(600.HWA(10512+.;600))

A(1051?*MI600) =QHVCTRL(0o09HX;A(I0512+MibO0))
C- _ _ _ _ _ _ _ _ _ _ _ _ _

C N**IY ENVELOPE COMPUTATION .....
D4 = VARqo(Af1087+Ml74)tfl4I
s= n4,GTA(11162#Ml2?4)

70 AiMIt6204t2u = -QBVCT-RL(D4,IHYIA(1116?*MI24))
FPFF

C *... HZ ITEPATION.....
AS-STrlZDleDYN.571
ASSIGN D2eD.YN9573

C-- _ _ _ _ _ _ _ _ _ _ _ _ _

DO So MA193
M_ = .InF[ + S936*JiAM J ____________________

C
r -,,.---.OFT I ATTTrF TRUINCATION---

AA(2) = 0.5 * CA(5877+M)+A(5878+m))
~AA.3JU =0,~333 * (A(%A77+Ml2I)+A(SA7R+M;21I

1 *A(5879*0M2l))
AAXP&) = fl.S * EA(SgqA*mi + A(59M)
AAA(14600) = QRVXPND(AAU1;24)98WSAAA(11600))
AC(R7ZAAHAPA) = lAVrMPRAtMI?+Mlln.RIA'R74ms))

C

n80 At5 5C.0)= 8CTL(.0BX(2'1.bO)

1~~A -A 1 F +MTO QA

C

8A(5937.M#.?50) = 8CR0*8XA51+l0)

.- ?7.6S FREE6M2) _________

A? 96.M.5 COTIU %(57M6
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A(R537+M6?5) =A(9R3-7+ml625)____
A(9837+M$625) =A(32;!6,Mlb25)

C .... X ITERATION.,,,,

ASSIGN f?.o*YN.599

0?= A(1951.MA599)-A(19?6*M'9i).A(3?26*M$599)
I -A (Q16?+M4b99)
A(3901*mlr,99) = DI + n?
Oh VARSAA(44T6M?4 JM 4L__ ______

BY n 4qGT.A(45?h.ml24)
A145?.M? = 08VCTRUOp4qBYA(45?6.M;?4)

D4 = VCtPRS(A(390n+lMf00)96Xl04)
--.5 VAPSMf4bD51
BY = fl.GT.A(4551+Ml24)
--A 4455 L+ P, 4L O8CRD,9HYlA(45J*t;24))__
FPFE

C .... H7 ITERATION.....
ASSIGN Do1..YN.573
ASSIGN 0?,.OYNe573

.- AAZ 21 =A& * A (~51.( 1L____
AA(3?21) = ('.333 * (A(5A77+m;21)+A(5878*Ml21)

__ ________ __ A(5079*MI21)
AA(24) = 0.5 * (A(5$49A*M) + A(b89q+M))
AAA(llAOO) = Q8VXPND(AA(1I?4)9hWlAAA(1l600fl
A(5R76*M?24) = QPVCMPRS(A(525?.Ag600)98W#A(5876#M;24))

- D1 =A1377*M 5*73 )- ______________

0? = A(65,8M573)-A(65,M573).A(1951,M$573)

A(PS+M60) QV IP(AA(;;60 1.M:6551$00))

--- --- -- --- -- FTFLD ENVELOPF PRINTOUT ROUTINE.. ...

00 100 L=NHALFNMAX*NHALF

I F(N-OLG TO 101

GO TO 199

C ....*AT HOR17ONTAL SYMMETRY PLANE .....
101 lF1N.FQNmAX)I UtNAl

PRINT 1029 N
102 FOR,ATUlH1,52XZ7Hf2ENVELOPEFO2R TIME STEP- 3.1I5.

1 //96?X15 PLANE Z = 24*DX//92X,1HJ9/)
rAl I- FNV -R14;IRC T PII
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PRINT 1049 NJ__ ______

104 FORMAT(15PX,27NHM ENVELOPE FOP TIME STEP aI5,
- I I/t~i~iRLKEZE 4*DXv/2X1HJ9/)

CALL FNV(452f6,376s7,IPUNy)

PPINT 1059 N
---05-FOPMAX11l~t1,2L2H2 FNVELOPL FOR TIME STEP %95

1 //962X915NPLANE 7 0 4*OX,//t2Xv1HJV/)
-CALL --EN (5220767 *h1 FUNLi ________

--------------------- AT VERTICAL SYMMETRY PLANE....
PPINT 1069 N
14fAfL~12X,2hEZENVELOPE FOR TIME STEP =@159

1 //%6?X,17HPLANE X c 495'OX9//geXgl1J9/)

C
PRYNT 1089 N

108 FOPMAT(195?X92THHX ENVELOPE FOR TIME STEP w9I59

CALL ENV(45519376.7,IPUN) 245fX/,,1'J)

PRINT 109, N
IngQ FORMATllh1.RPX.27HFY ENVELOPE FOR TIME ST P m.15.

1 //,6?X,'17HPLANE X= 24*5.OX,//92X9lsJ,/)
CAU-ENVA2-r7A-R-C. I P UN)

C

POO CONTrNffE

END
SURPOLITIE ENV(LOCASCA-EIPUNCH)

DIMENSION Ai9735O4)qIP(4j00),NN(25)

C

SNN(I) I

00 1 LY=2%163

LOUC = 1 + (LY-1)*?S
IP(1LOCTS) SCALF A(I-OCUS)

I A(LOCIPS) = no

TFUlPtlNCH~.EO.0)GO TO 4

LOCI = 5 (LY-1)*2S
LQOCIL-= OCT + 19

7 WRTTE(8,3) (IP(LL)oLL=LOCILOCII)
1 FOPMATC10I6) --
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4m D0 5 LY=9163
LYY =165 Ly
LOCT = ( LYY-fl*25

Lorlh LOCI + 19
PRNT 6it -LY-Y. -(LPAILI ,L.LvL-QgI.jL0MII

f6 FOPMAT(1X913,SX9A?OJ6)
PP NT -i-ANJ-NLLL,LL25 ,24) -_

7 FOPbMAT(//qmx,2lI6)
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2.6 Problem F -- Task 5, Case 2

(Section 7.4.2 of Volume 1)

The following 11 pages list the computer program for the 24 x 163 x 48

cell -- 800 time step run of Problem F. The problem solved is a hybrid

method of moments/FD-TD analysis of penetration of a 19.0 cm diameter, 68.5

cm long, open-ended aluminum cylinder by a 300 MHz plane wave at 450 incid-

ence relative to the cylinder axis and TM polarized.

62



PWO6I-4' A PA I I 1:-'t'T ,(iut I T -o 1 t't r (I Z- ',, ITT A TpI't r T A -Ir 'i

c (1 T4Sr")-- I -if'4 MC I h(, I -t~ r Ii Tj , T hUJ r, i T' T-' '~-TW
C Tl ~tNS
C CA- I I - STF m, IY -Ato0 fMHZ Tt--PtL A I% I 7t I l 'L A It -'-A M t- 11 4?.I T I(-(.
C (-F A 14. 0 CM* 1 it 'rJ' Tt .' CMrLt~~ 'J-F 1. b u

C C WLu C T I i,,, ( C YL 11 Uvt K
C 01L10UItU10t4 C t P LANF W wA Vc. 1% 1T ri CnU AP 0 N -41 Z A I j .A

C tUSl1!(, SC 1 r LKtrN)FF to[,i(I V'L r r-( Tm'o (tim t-ut4 wIL T(Ci,

C fLISSON M-U-N' APtJTiP't~ U Or. IeN T 0 A IA
C ?4 X 163 X 0- CtLL CUlilC SHAUC LATT 1Lt IS ku"t t
C U NI T CELL DLwANLTtk = DX= Uent' Cm = WAVtLtN(-TH/?I)(i

C EVEN SYtMATkY Ati(OUT LATTICI e-Liv Xc = ?4.to*I,A IS ASSU'tu
C SOFT l-ATTICt THUNCATDU.F, A4t~ )SHj,

C PP-OGRAM IS (4-TIMZtio t-(t- Tt-'t LL( cTkr?-10u
c

kEAL M'IjkgP'07,JAM(,JXP1A4,JASN( ,JL 'A(,9JZt'HMJLSRL

1 LF(e4) ,Ut~ (4M) 'Ut ( ( '),~(),'SA 'I~i

1 I E SI N J/tA.(1?0 0),J Xr4 A(1 l-t0)J kC( lU t,) g

COMNMONi A

OFSCRIPTOP H~

HS I el tt , bi''(1; 0~(~(

ASSIGN dWP'v (1 ldCVI O)

ASS I(6N E- L- H (I ;I ? 0
Ac IGr; hYp --rrY(1?;4)

A~S SI Wl 1 7,f-' 1;48)

ASSIG' I)6 4 ,(U(1;?4)

PWTNT 15~09 TI

C I..1 I, N"HUHLFM PA"AmtTr..,

lx =

upTA SIu /0.09 3.7t+79 1o.I;1/
NMX= 800l

C 09*...1I -'ASI(C ANO UlIt-(Vt,

MlIiL 4.0 Pi 1.0t-*i7
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= .T / X / rAl/

U

A( F

CI~(I II(.0 - ~u) / 1'C *

c .I ..t . rEt-SC1 /wTA (1."u .*

c

C . . ..TYdr OF Mrt)IUM....

lk~ J=? 9 3
Jr)P L = ( ) -1) * I n- 0

AJu L +( ;1-l 0 Z1 ( 11 "

L)(J 7 J=14.11-ij

JiFL = (J-1) * ')l)

7 A4(jl)H,1;1 t-!-()ji) = (19*1 -UU)

-r AI 1(9,4 - vi U I qt '4=?' 6 (1) i I =501 9tfU()

*Jf+ L = J-l I * )

C

k 0 1. C * L.~ I T. 9~ 1 XCI 0, '.*
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A r 60 -,r) 9 t-rfI I i=?l EPW~h=?ql Jo p6 1)9,1=1 9 1c oO
"-AD) b 0 16r, r Nbj=?0 I. E -. k=?O 1) ( ZjPrA (1) 9 1=1 9 li- 0

c 00 0 HY iOUT I = 4 loI

JlF L =(J-1)

o)C 1? JM],3-
J = Jf'fL * (j#4-1)*'-%(o +

IF (JA FO.. ,A A 4

L)( K -= 1

K" (KMAMX-K)
1? A ( j i +KH =l

04F 5 1r -f A 1 L)Y C- 120

'ASS 16'N NF iq t'jYj. 1 ?of
Al 1 0.
A? =0.

00C 21 J=?p,16 3
JrF L =(J-1)
W,0 ?1 JA=I o3

JP=(,)A-I) *-(Jl 0 +I
JC = JR+4p)

NP= A (JL+L+Jo; 1?00)

tV = N'F . F W. JJ
AlI = (,s4V C TL ( C. (JJ ) 9 4V;

?0 A? = Q4VCTkL(C'lJJ)*-'V4P?)
A(JOELJF;1?DU) = A]

?I AGJ)FiL+JC**I?O0) =A?
F p;' F L

T?= SFC~iest- ((,t)

C . .. .. IV. TImKi-STtPP1N(- i.ip..

IK) 200 N=]dPtMAA

Al_;5IGN L) 3 UiY:-. I ? Cjo

Ol = FLUAT(N) - HIJ,'i;eh')

MOG = PIsoLT.o.i
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o? fli i)-~

~~~~=JX -P I '(( X.4A((Il1JUU) Lk(1 M ti.

U'I FLUAT((N;) J JZPi A 1 1 j u)

(i= C~l 0.1 *401

JJ j~I~: J7 t. Ab( 1 1e * 0 C t(1) U

A CALL 7 1 x ( FL o AT (N)/t..J)
I . (MC AL.tnT.~ iC A LL34

c .....TkAfjSVES PLANEd '40. I a 00 0
C .. ..t..Fx, EZ TkLdC-4CATINS.....

A 71Z0I;1 )o) I = I 0

A I Pa) 11?S0) A(2,7ol;1?5)

C r...Y II .kAT ION .. .. .

A!SSI; iFt 1)? , 1,Y',' .1174

MS$ I6' ti.o .("Y" . 11 14
C

A ( kgph . * (A (100161*A(lUU77))
A (-h7;?)= 0.333 * (A(10Uj-cr;e?)+A (1f77&??i.A(1OiJ78;2))

A ( lM44') = (l*3jj' * (A(1()09o)+ee.U*A(j00Qo))
m (1O(17E-I*4) = 4M-);4

C
A (100f1? ) = 0.5* (A(10101)+A(ltjlO?))

(IjO7;?)= (1.333 * (AhOlU132.)A1O1e?J+AC1O1O3122))

'(10044) = 0,.33 * (A(10l?3)+.U*AC1O1?'4))
.1(016l;?4) (O'14

I)l = CAc:3) * h(ct'1;1 174)
o?= A( l11'-'i31 174)-A(Il5?f,;117'.j.A(14201; 1174)-A(14202;1174)

C *. ..1 V t frLAN t. S lh -oo

i'(, H? Jy=lomCALL
JfIFL =(JY-1) * 4~0

c *. . . I . TIOJ..
A .S I 1(t 1) 11, IYt 117 3

&4 '5 I(, (3. .DYr 1 17
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M = jliE.L JLV)fU*(!-MA-)

C 9.....SF1 LATTICE TH4UPL.ATior 1Seooeo
A (e300)?+t) = 0,', * ((4'?M*(4)+)

P (23003+m;21) = 0,0i3 * IAt4M?)Ae4~4;i

1 (44* i
A (F30?4.fr) = U.5 * (AC 4?'(3+-)*A(?'4e744fr))

A (4?)?+- ?3) (P0?7w ?j

C
A (?4?0)?+t) = ',.S * Ae27+lA(4mm)
A(?4?03m?]) = 0.333 *(( 7 )u /. 1

I A~~7.~1
A(i24??4+M) = kj*! *

A(?4277+M;23) = AC?'4j77+t1?J)
C
C e0**Mt.Ir; tX LOOPS....

Dl A(155S?7+rP;1173) * £(?KJ7m11(.i)

0? =A(2~70,; 173Ld14~4173,(~h~-.;1113)
1 ~-M (rhi l(.t1174)

u3 =A(lb777+14 1173) 1),
A(?3027+.,;117i) = i-1 + U-1

C
C ....JA A'HTUPF~ S0UIHCt J.1IN.

IF (M,0.12*jb)U0) A(?3001.i1;lt(60) =JXSN C(i;1?0Uu
I AC0'.~1fu

C
c e.o.o.FX c-NVELUPE CLi%,PUrTI~tof....

D 4 = V~bl,(IA2-3b01,M)24) 314)
t-Y = D 6 '(? .i M 4

30 A(?4301.+3,?4) = QV~LU9-Ys(431M*')

C FPF E

C *.... Y ITEH4TION.....

ASSIGN '39.DYN~.l174
C

0(' 40 mA1,o3

M= JDEL + 1S)1,U0* (,.>-1)
C
C ... **SOFT LATTICEi TfdJNCATI~r4S..qee

A(2432E6.m) = U~t * (A( ?Sb((.m)+A(2557?+m))
A(?43?7+m;??) = 0.331

A(? 4 34Q.*f-) = (.333 *(( sl)?*C~~N)
A(P576P'94)= A(c?4351+mq?4)

C
A(P156+,)= 9-S * (A(2L'1.m)+A (?It~eM))

A(?9)?7+-32 = 0.331

A(?5601Fb*:?4) =A?.;.
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c 000*0MAIN -Y LUOPS..ooo
i =Ac1enO~f'.%;ll74i * Aej,)IM;1174)
= A (?7r,6,1. +r 117.-A (?7?e+t ;1174) +A(?'f U1*MU11?4)

1 -A (?'i70,*m 1174)
D3 = Ad Toh.'ril174) * b
A(?43- j+M4I 174) = t'1 + f:3

C
C ... Y t-"VLL0 COMPUTATION .. .. ..

;= vAS(( bM.;;4)

t-Y=
A(Pitl260;?) =()VCTL(VqY;(?StkbMle4))

C

F 1-t E

C . ... f.7 J~4~JN..

A c- I("V '?. .YN. 11 1

00S 10 Uj..I)N.1 1'-

JPFL + 1'6,VO*(?-A-j)

C ... *.fAjf\ Ei LOPS.....
01 A(?0,lu1+f";11'-) *A(?'-') ;1'~

I -A(?7Ui?b+M119~4)
0'3 D (1~1M1~4 ?
A(? ,701+M;1194) = DJI + 0

c .... jZ k,~TIf SoLIN~t (A.rDITUN .. ..
IF~~..2'*~vO)AC?'701*'m1eOO) = JZSIHC(1;12OO)+

I A (?57OI1r';1?Oo)

A(24?6w;;4)= 0.'-, * (A(?b~?t.M;24).A(2fb3O1.M;?4))

hY = I)4.f-T.A(t951+mv?4)

C

C
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C ... tA H.~X LOOPS.....

0?1 A (1;1 Ab?.6 +(-i; 11. 1 1'44)
A1H ll0 11 )-4 Mse+ ;14 )+ - (10?01+r ull'-)

A(12SI~m24)= 0.5 0 (A(ial0I~tr;?4)+A(1ieet4M;P4))
U4 =VAhS(A(j27')1+M9,?4);fI4)

tY= 04.6T.A(1?776+b.;?4)
A(12776+.-*?4) = (t4VCTNL(L4,1IY*#(1?77h+m'44))

Of VAt,5S(Ol); ))

HZAIF01M~i D6VCT,-1801+;4 )b,(?f1I.4

C ..... 1-v JTL#4TION.....

ASSIGN b21.O)YN.114ob

L'( 70 L-A=193
=JOEL + 15-))Ut*(MA-1)

C
C .....SO~FT LATTICk TkUNCA1ioN .....

AA(1) =0.5 * (AC 9b0j+ft.)+A( belM
AA24)=0.43 *

1 +A (?4hO.l+14b)

AAA (1 11200) = ibV I)N(AA ( 1 ' 4) 9 rW *AAA ( 1; eUL)

C ... PAN Y LoO)PS....o

A03? A(25?0?.1 DIa + ?71~1p).~u'M1~

A(?P351+m;1?0J) QkM= (DU

C 00000HY tHVLtLOPt CoN4LIT4T1Ot .....
A(2q5(AC t?4) = 0.,

04 = VA S(A(?'7.m;?4)t [4)

70 A(?94651.PA?4)
FPFE

C
C ..... tiZ JT~kATI0i.....

69



t nF L' 1 0 0 -3

C .... SOF f LOTTICE THUNCA11ON .....

CA-3;4 0 o*' A (A (A(144?7.M)A1;4?",)) !4?~

+ *A ( 15429 M ;45)
AA(4f ) = fl* * (A(1Si47?*p.d.AC1t 473*m) )
Af/A(1;1?0()) = ktJVXPNt(AA(1*94fM) bWoAAA(fl1?0U))

A(I~4?hM;4) =UVCMiPRS(A14177,M;12oO),bW;A(1',42fM$48))

c ooooo.wAIN mZ LOOPS....
'1=A(14??+m11?3)

D? AC?3O?7.M;1173)-A(7'a27.m'1173) .A(bI,51.M,11173)

1 -A (88b,2+M41173)
A 14 P? + 10 117 3 1)1 + 02

A 414 17 +m I ? 0 0 4A VCT kL A A AC1? 0'0 ,t A(14 17b6+ M;12 00)
S14 17 6 +m 41?0U) 01 (cT 14Lc0 . 0 t- X; A( 14 17 b M 1 00

C ..... HZ tNVEL(JPE COMf-UTAT10,N.....
U4= V~ts(A477bo.m;4);CO4)

SY = D 4 .(T .A ( 1 47 f *M ;? 4)
40 A(1')47h+MZ;'4) = QIVCTNL()'qgnYiA(1t,476t.M2))

IF(MCALLoL~o53)UO TO 94

..... TANtoVENsE PLANk Nim. lt)4,. ..
m 16?* '5ou

C e,999tj', tZ TRUNCATIONS.....
A (?3OO1+M&12Su) A(1u.vI-O

A(1h7'b1*.1l?50) =A7O.;cG

A(?F47O1M01+mlS)= (1o.MiO
A(lti0O1*k;125U) A ( A1 1.M; iet)

c 00 .. i-X ITLRATIONe....

1 -A 01O1M 119N9)1114

M(I 156+P 11(44 1) 1 + f)?

A(17 ,+0Rq?4 bo), (A(lIUl+MI?4)+A(j?12b+M;?4))
04 = VAIS(A(7',1+M4?4)I)4)

ry = r4 (TA 17b -I

A I ?776+fv.; 4) wOIVCTRL (04 iY4A 1 2776+m wJ4))
C
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05= ()PVCARS (A( I I N4eOO),.P)
Ob= VAE'S(D'-;&b))

H47 = f6.T.A(ie0l+M;40)
A(1?ek01.M;4b) = WiVCTRL (D69 1-Z A( 2#U1 .i;41))

C
C ..... hZ iTeHAwTION.....

ASSIGN U~,.LUYNoll73
AA(?) = 0.5, * (A(1'34?7+M)+A(it?e0.M))

AA(3;45) = o.3i3 * ((S?+bii3+~ Lhw;&)
1 +A( 1C'4v~4S))
AA(4f ) = n.5 (A(lb4I2+P')+AC1t473.r))
AAA(1;*1?00) = ~XN(~i'' ~w&Af~~()
A(154?6+Mg48) u= CPSA1 7*:?u)6;(")4"M4)

C
01 = A(14?0?.m41173)

D? =-A(3;',7m- 17) A 7'7+ 1173-)+ ab +i l _)

A(14?0?. i;117-i) D 1 + 02
A(14176+mflO0) =(8VCTkL(4AA(1;120u)),ts;(117h,44;1?0u))
A(14176,120u) = U')VCTPL(O.),XA(1417b.m41r-00))

C
U4 = VAeS(A(j&776+m;24)tj 4 )
hY = D4.CT.A(l547t,.'1?4)
A(15476*M;?4) = V~\CT"iL(O)4,Y;(147~.r92.))
FR FE

94 T3 = SECOND(Cir)

PRINT 1509 T3
C
C ..... FIELU EN~VELOPt P1ipTuuT P-oLTNt.....

DO) 100 LIat1AL~,NMMXqjNHAL
IF(NEO.L)f',O To 101

100 CONTINUJE
IF(N.EQ.NMAX)6U TO 101

GO TO 199
C
C ....*.AT 01URkIZONTAt- MiStmVATION PL'ANt-se..

101 IF(N.E~oNMAX)1PUN1l
IPLJN = 0
PF-INT 1029 N

10?P FOkHAT(1t11.5?X,?7HtX FV L('-c~ FOP TIlrt S1lA' =.Il'n.
I //,6?A,1'3HPLANE I = t4*tUX.//,deXqFIJ,/)

CALL. NV (~0 tsO e0 PC 1P(JN)
c

PPINT 103-o N

103 FOPMAT(1I-1,bA,27,*.Y tiNVtLOPt- f-O' TIML STE.P =9!,
1 //ob2A,1jhPLANE Z = ?*~/qXlo/

CALL FNV(l0120q,?09kCI1Pjt)
c

PkINT 1C'49 N
104 FO,.eMAT(lhlb?Aq?7Ht-7 ENVtLU~t- I-('I T~mr- SILI ,I'

1 //ob?X,15HPLANE Z = 4jX/qAlo/
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PkI NT 10"
10ob UPMAT(jHjq5?A9?I-' H fvdtLU~t t*UR TlMt. 5TtP :,IS

C .f /.? 7 2 9 L 7 7

I //*h?A,1bm)LANE Z a ;4*1OXq//g?Xori.Jg/)
CALL ENV ( 1,+'1S120,37tb.791PUN)

C

I//q' AqiHLANE Z = ?4U*/?XIJ/

CA~LL FNt('C147h,?0937h.7v1PUd)

C A..T VtkTICAL SYtTRY I-LANE .....
P ,INT i n N

1 //q6?)A,17,PLANE X = e4oS*f)x,//,2X9l,-J,/)
CA~LL EtjV(j147oq4OqkC*IPlJN)

C
PkINT 1099 N

1 //qb?Aq17HH-IANt X Z- e~q!.l*OXv//,2X9itIJ9/)

SPPTNT 1109 N

I QCkTr 1I 0 T'I

STOP
Lr r.~

0 14) 1vFN NAo )1P( 4 6

I P c0 0Mo 0 =

C

L( C L LUCA + (LY-1)*1iS0o + 4
L(-.C1 = I + (LY- ) *4 U
1)P(LClNirdM) = SCALE A(L(ICIIM~)
? M(OCU~JM) 0.
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c

if( I PUNCH fU 1uI60J T()
00 3 LY=?916'3
LOCI I * (L0-1)*4rJ
LOCII LO)CI - 1 + NUO

3 wF ITE JS 94) (1 tj(LL) ,LL=LOC I LUC 11)
4 FOPA4AT(lO16)

00 hi LX=1,LAm
LXA 1 4 (LX-I)*1)
LA =LXA + 4
L7 = LA + 1
00 LY=?IK3

LYY -~t LY
LOCI =LXA (LYY-1)*4n
LOCII = LOCI +*I

#6 PkINT 7, LYYo (IP(LL)qLL=L0CILoCII)
1 F0tPMAT (I13,nA,9?Ob)
r, PJNT 99 CUJ(LL),PLL=LAqL?)
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2.7 Problem G -- Task 5, Case 3

(Section 7.4.3 of Volume 1)

The following 13 pages list the computer program for the 24 x 100 x 48

cell -- 1800 time step run of Problem G. The problem solved is a hybrid

method of moments/FD-TD analysis of penetration of a 12.8 cm diameter, 28 cm

long, missile guidance section by a 300 MHz plane wave at axial incidence,

for the case of the interior dielectric components, metal components, and

wires modeled.
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PROGRAM FDTD(INPUTOUTPTTAkb0INPTTAItTAfjtm)
*1 C

C RUN TASK5-- INTEkFACING TkE FL)-TD METMOL) WITH Tmk* METHOD
C OF MOPENTS
C CASE III- STEAUY 300 MHZ PL~ W~AVE IRRAUI'ATION OF A
C 12.8 CM DIAM*LT~k MISSILE CUIUANLt. SECTION
C INTERIOR METAL AND DIELECTRIC LOMPONENTS M(ULLE()
C AXIAL-INCIDENCE PLANF WAVE WITH COMPONENTS tZ ANd' 'IX t-,O('ELFD

C UJSING' SCIbtLKUr4OFF EGJUIVALtNCE THEOREM FOR WILTON/
C GLISSON 11-0-M APERT1JNE LbkRENT DATA

C 24 X 100 A 48 CELL CUBIC SPACt LATTICE IS USED
C UNIT CELL DIAMETER = DX = 0.33 Cm = WAVELtNGTii/300

C SOFT LATTICE TRUNCATIONS ARE USED

C PROGRAM IS OPTIMIZED FOR THL LUC STAR-100

REAL t.4URMUZJAMA6q JXPHAJXS'ICJYMAC,,JYPHAJYSRC, JZMA(6,
1 JZPHAJZSRC
DIMENSION A(1b65500),Z(15b00),AAA(120O),t$UF(t,00),AA(46),
1 DD(24),DE(48),PDF(4b),CA(9)C1(9),EJ-S(9),SIG(9)
DIMENSION JXMAb(1200)qJXPHA(l1c00),JXSRCC120UU),
1 JYMAGC1200),.JYPIIA(1d00),JYSRC(120),

2 JZMAGC1200),JZPHA(lc'0O),JZSRC~le~o)
COMMON A
DESCRIPTOR Dl ,D2,D3,D4,O5,Ub9NiDOA,A2RUg1VqwtbXNY,Z
DESCRIPTOR b0
HIT BU,8U(600),bV,6V(1200),,(fH1200),utiX(1200),
1 8Y,bbY(4)esZqfufZ(4f')
BIT B0, BRO(1?00)
ASSIGN 6U,88U(1;600)
ASSIGN BV,88V(1;1200)
ASSIGN HWBBW(1;1200)
ASSIGN bXgHHX(1;1200)
ASSIGN RYgHBY(1;24)
ASSIGN BZRHz(1;48)
ASSIGN 80,880CI;I1200)
ASSIGN O4,DDU1;24)
ASSIGN D59DE(1H48)
ASSIGN D6,OFc1;4R)
TI= SECOND(CP)
PRINT 1509 TI

150 FORMAT(F?0*5)
C
C *....Io PHObLEM PARAMLE's .....

FREQ =3*OL*8
OX =0.01/3.0
MPR q

DATA FPS /1,09 1.0. 1.09 b55 4*59 5.39 1.0, 1.0. &~.0/
DATA SIG /0.09 3.7L.7, 0.02b. 0.00249 0.0out, 00. 6qtE~bq
1 3*7L.7. 0.01/

NPAX 16~00
C

75



C ..... I1. t'ASIC AND DtH1VtD CONSTANTS.....
PI 3.14159?bb
MU? 4.0 * PI * l.OE-7
EPSZ P5E1
D)T = Ox / b.ot+8
NHALF =0.5 / IREQ / OT
P DT /2.0 / EPSZ
HA D T**? / UA**2 / MUZ /tPYSZ
PH- O T /Ox / MhZ
PC=1./d
RD 2.0 *PI FREiU * DT
IPLIN = 0

c
CA(1;9) =0.

Cbl(1;9) =0.

6*= 8VmKO(1,25;Hw)
H= QVK(4?;

Do 2 I=1,mpp
EAF = R * SIGCI) / EPS(I
CAMI= (1.0 - EAF) / (1.0 + LAF)

P Chi~i) = PA / EWSMI / (1.0 + E.AF)
C
C o....III. LOAD VECTOR As....
C .....oZERU INITIAL FIELLS.....

Z(l11SF,00) 0.
A(le1lS500) =0.
A(1550001;15500) = n,

C **O.. TYP. OF mEDIUPI.....
WN-AD(60,4,END=201,ERR=201) (Z(1)91I=19600)

4~ FORMAT(75 loO)
RFAD(604EN=2019FR=201) (L(1) ,15001,SbOO)
READ(60,4,END=?0ltERR=201) (Z(I),I=250193100)
DO 5 J=2914
JOEL = (J-1) * lb'500

5 AcJDEL*1;15bOO) = Z(1115500)

DO 6 JA=15*71.7
READ(60q4,END=201,ER201) (Z(1) ,I=19600)
HEAD(h094END=201.URR=20j) (Z(I) ,15001,5b00)
RFAD(6o,~sEND)=?0jEPP=201) (ZCI) ,I=2b0l,3100)
JOEL = (JA-1) * 15S00
A(JDEL+1llSSOO) = Z(1;15500)
PEAD(6nq4vE.NO=201,ERR=201) (Z(1)911600)
READ c60,4,END=201 ,ERR=20j) (Z (1)91=5001 ,SbOO)
00 6 J8=196
JOEL = CJA+J9-1) *15500

6 A(JDEL*1$15500) = Z(1;1b0)
DO 7 J=939100
JOEL = (J-1) * 15500

7 A(JO)EL+1flSSOO) = Z(1115500)
C

RFAD(f,0.4,ENDO?01,ERR=?01) (Z(1) ,I=1,600)
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READ(6096,END20l1ERR=?oii (Z(I),I=5&01#bo)
QEAD(60,4,END~a01,ERP=2C1) (Z(I),I=2501,3100)4
00 8 J=75977
JDEL = (J-1) * 15500

8 A(JDEL+11lb5oO) =Z(1;15500)

PFAD(6094tENO 2201,ERR=201) (Z(1) ,I=?b01,310t))
J = Th
JOEL = (J-1) * 15500
A(JDEL*1;155ioO Z(1115500)

PEAO(6094,END7=?01,FRR=01) (ZUI)oI1,600)
PEAD(60949ENDr-O1,EkR=?O1) (1(1) ,I=S0Ol,5b0o
J = 7c9
JOEL = (J-1) * 15500
A(JDEL*1;155oo) =Z(1115SUO)

READ(60,4,ENO=201,EPR=201) (Z(1) ,1=1vb00)
tREAD(6094,END=2019EpR=?01) (1(1) ,1=5001,b~o)
kEAD(6O94qEND=20jvLPR=2O1) (1(1).1=2501931(i)
UO 9 J=80984
JOEL = (J-1) * 15500

9 A(JOEL~fl15500) = Z(1;15500)

'READ(6094END=201,ER=21) CZ(1) .1=2b)1,310o)
J = 85
JOEL = (J)-1) * 15500
A(JDEL+1;15500) = Z(1;15500)

READ(60,4,END=201,ERR=201) (LCI) ,I=l~b00)
READ(6O,4,END=2O1*ERP=201) (Z(I)9I=500195bUo)
RFAD(60,4,END=201,LRP=21) (Z(1)91=250193100)
00 10 J=86987
JOEL = (J-1) * 15500

10 A(JOEL,1;15500oO Zc1;15500)

READ(6094,END=?01,ERR=20j) (Z(1) gI=19bO0)
READ(60,4qEND=?01,ERRp201) (Z(1)91I5001956UG)
REAO(6094qtiND=2019ERR=201) (Z(1) ,1=2501v3L0)
DO 11 J=88991
JOEL = (J-1) * 15bOO

11 ACJDEL,1115500) = Z(1;15500)
C

HEFk((60q,+.,NO=?01,ERPp201) (ZC1) 91=19600)
PEAD(6094,END=?201,ERpz201) (Z(1 ,1b50019560O)
J = 92
JOEL = (J-1) * 15500
AcJDEL,11'ioo;) = Ztl11!)500)

C *...oAPfikTUkE EXCITATlON.....
PAD(6015EN=201Ep201)(JAG(I),I1,vbs)
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kF4AD (60,16,ENUD201,EPRz?1) (JYI-MA (I) I=1,beb)

READ(60.lS.ENUO21,ERRO01) (JZA(I) ,I=1,62b)

15 FORMAT ( 1Fb*2s/.13Fb*?)
16 FORMATC25F3,0)

C
C ... PARTIAL SYMMETRY AbOLT Z =24*0*L)X.....

DO 1? J=29100
JOEL =(J-1) * 15500
KMAX =44
DO 1? JA=1,3
J= JDEL + (JA-1)*?bOO0 + 1

r6tF(13600) = A(JI34600)

et =6FfUl600).GT,6.5
HUF(J1600) = UkVCTPL(3.0,bU~tUl'(1;60O)))
IF (JA.EQ.3)KMAX=46
A(JR+6O002) = BUF(576125)

KA = (K-i) * 2to
K= CKMAX-K) * 25

1? A(JEBKR?25) = 'uF(KA*1;25)
C
C *...e NON-SYMMETRIC GROJNL WIRE99090

DO 13 J=43957
JOEL z (J-1) * 15500
A(JDEL+31919) = 7.0I
A(JDEL+3224) = 7.0

13 A(JOEL+5b99) = 7.0

DO 14 K=18928
KDFL = (K-1)*25 + 24
ACJDEL+2500+KOLL) = 7.0
A(JDEL*5000+KUiLL) = 7.0

14 A(JDEL+20500+K)EL) = 7.0r =0* A:z E::T:R: EXCITATION.....
DO 17 K=?,?24
K= (K-1)*25 + 1

JXMAG(KB;25) = -JXMAG(KA;25)
JXPHACKB;25) = JXP*A(KA$25)
JYMAG(Kb?25) = -JYMAG(KA;25)
JYPHA(KFI?5) = JYPHA(KA;2b)
K= KA - 25

JZMAG(Kbi25) = JZMAGi(KA;25)
17-JZPt4A(KB;25) = JZPHA(KA12%)

C
C ... EDIA COEFFICIENTSeseee

ASSIGN A1,.MDYN.l1200
ASSIGN A29eDYNe1200
ASSIGN NFtD,.DYNv1?O0
Al = 0.
A2 = 0.
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Do ?1 Jz?,100
JOEL (JU-1 15SOO
U0 21 JA=193
JH = (JA-1)*?'3OO + I
JC = JR + ls0
NFD =A(JDEL*Jhbl?0O)
DO 20 JJ=1*MPR

6Y=NFDdAO.JJ
Al =QRVCTkL(CA(JJ)qbV4A1)

20 A2 = QgVCTPL(C"'(JJ),IV;A2)
A(JDEL+JE51200) =Al

21 A(JDEL+JC;1?0O) = A2
FREE

C
T? = SECON0)(CP)
PRINT 1509 T2

c .....*IV. TItM.-STEPPINb LOUP .....
00 200 N=1,NMAX
ASSIGN Dl,.DYN*120O
ASSIGN D?.o*YN.120O
ASSIGN 039*DYN.12OO

c
DI = FLOAT(N) - JXPHA(1120)
8= DI.LT*.0

Dl = QPVCTPL(O.0d4(aDl)
02 = DI * RDl
03 = VSINW2;u3)
JxSRCI1;1200' JA A(3d1;?j2o1 0 CH~l) U3

C
01 = FLOAT(N) - JYPHA(1;120)
8= DI.LT*.0

Di = 0AVCTHL(0.O09Q;UI)
D2 = Dl * RD
D3 = VSIN(D?I)3)
JYSHC(1l1200) =JYMAG(ltJUU) *CH(I) D3

01 = FLOAT(N) -JZPH4A(1;1200)

H= DloLTo0.O
01 = Q8VCTRL(O.0,!'GlDI)
D? = DI * PDl
D3 = VSIN(fJ?103)
JZSRC(1$l200) = JZMAG(111200) *CR(1) 03L)
FREE

MCALL =33
C
C *.o..TPANSVEk5E PLAWt NO. 1.o...
C *....EXg t' THUNCAT1ONS.....

A(750141250) =A(1;1250)

A(10201;1250) A(12111?bU)
A(1251;1250) A(25701;12!D0)
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C
C ... YITERATION.....

ASSIGN ()o1,.YN.1174
ASSIGN D?,.OYN.1174
ASSI6N 03,d')YP41174

A046s26) =0.5 *CA(10076)*A(I0U77))
A (8827922) = U.3:33 * (A( 10 t); 2)+A (10077;?2) *A( 10078122))
A(Pf849) = 0.333 * (A(j00q&%)+e.o*A(lo09y))
A(10076;24) =Ad~;4

A(100?6) = 0,5' * (A(1010l)+A(10102))
A(10027;22) = 0.333 * CA(10101;22).A(1O1O2;2e).A(1O1o3;22))
A(10049) =0,333 * (AC10123)+?.0*A(10124f)
A(1010l;24) =A(10001424)

ul = CA (3) A(8851;1174)
U= A~lS5 ; 1174)-AC llb?6;174).A(14201l1174)-A(14202;1174)

U3 = CR(3) * U2
A(PS5111174) = 01 + 03
FREE

C o*...TWANSVEPSE PLANES e 100.....
DO 82 JY=IomCALL
JOEL = (Jy-1) * 4b5OO0

C -..o." ITERATION.,.,I ASSIGN Ujq.rJYNell73
ASSIGN 0?,.DYN.1173
ASSIGN 03,.OYNo1173

00 30 MA=1,3
m= JOEL + 15t'0O*CmA-1)

C *.S OFT LATTICE TRUNCUTIONS.....
A(?300?.*m) = 0.5 * (A(24252+M).A(24253t4))
A(?3003+M 21) = 0*333 * (A(24?2+M;2.1)*A(24?53.m;21)
1 +AC242bA.P.;21))
A(?30?4+M) = (0.5 * (A(24?73+m)+A(?4?74+M))
A(24?S?.tM;?3) = A(23027+P;23)

A(24?fl?.M) = 0.5 * (A(24277+M)+A(24278+M))
A(?4?03+M;21) = 0.333 * (A(24277+M92l)*A(24278+M;2j)
1 *A(24279.hq21))
A(24??4*M) = O~t * (A(2429h+M)+A(24?99))
A(24?77+m~i3) =A(24177*me23)

C~ ..... "AIN EXi LOOPS.,..
Dl = (15527*M;1173) * AC23027+MH1173)
U2 = A (2970?+m;1173)-AC 1420?.M;1173) ,A(2b3t?*' 1173)

1-A(26377+M;173)
D)3 =A(16777*M;1173) * D?
A(230?7+M;1173) L 4 U3
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* C
C ..... JX APERTUJRE SOUkCL C(JNIITION.o..

IF(M.EQo12*1S!50O) A(23001#M;IeVo) = JXSRC(141200) +
1A (23001+ml0)

C
C *....EX LNVELOPE COP.PUTATION .....

D4 = VAf6S(A(23b010Al24)0D4)
H= D4o6T*A(24301+M;24)

30 A(24301*M1?4) = QbVCTRL(D4,0Y;A(24301.Ml24))
FREE

C
C ..... EY ITERATION.....

ASSIGN Dlt*OY1491174
ASSIGN D29*OYN*1174
ASSIGN D3,.OYN*1174

C
U0 40 MA=1,3
M = JDEL + 15!3U0*(MA-j)

C
C ..... SOFT LATTICE TRUJNCATIONJS.....

A(24326+M) =0.5 * (AC2b576+M)+A(25577+m))
A(?4327*Mi22) = 0.333 * (A(db76m;22)+A(2 !:77.M;22)

I *A (eblb78+m;22))
A(2434Q+M) = 0.333 * (A25h#)20*(bol+)
A(25576.M;24) = A(24351+MI24)

C
A(25526lM) = 0.5 * (AC25401+M)+A(25602+M))
A(25527.1h422) = 0.333 * A 5612)AbI ?

+A (?'fO 3+m;22))
A(?5549*M) =0.333 * (A(25b23*M)*2,00A(2b4*M))
A(25601*M;24) = A(25501*M;24)

C
C oooov.*AIN EY LOOPS.....

Dl = A(180?6,M;1174) * A(24351.1q1174)
D2 = A(2705lm4ll74)-A(27026+M;1174) .A(29(01+M;1174)

1 -Ac29702?.M;1174)
D3 =A(19276+M;1174) * 02
A(24351*M;1174) = 01 + D3

C
C ..o**JY APERTURE snuRCE (.ONCITION...e.

IF(M*EQ*b3*15bOO) A(24326+M;120O) = JY~kC(141200) +
1 A (243dot.~ ?f0)

C
C *.o.*LY LNVELOPE COMPUTATIO)N.....

D4 = VASS(A(?42Q6*M;?4);D4)
bY = D4*GT.A(2b62f.M;24)
A(256?6+M$24) = Q8VCTRL(D4,dYlAC25626+M;24))

C
DS = Q8VCM'PRS(A(24325.mlj200),qbX;D5)
Of6 = VAbS(D5LUb)

8Z= D6*GT.Ac2b651*M$48)
40 A(?5651#M;41) =QhVCTRL(D6.t"Z;A(2'5j1M;4b))
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C ... Z ITLRATION*...
ASSGND1.DYN.1199

ASSIGN 02,.UyNe1199
ASSIGN 03,.DYN*1149

1)0 50 MA1,3
M =JOEL 4 155000(MA-i)

C .oo.MAIN EZ LOOPS....
DI A(20S01+M;1199) * A(?5701*M$1199)
D? =A(2i835.m; 1199) -A (283b1.M 1199) ,A(llb2h.M;1199)

193 =A(21751.M;1199) * 0? -(72+;19

A(?5701+M;1199) = DI + 03
C
C ..... JZ APERTURE SOURCE LONDITION.....

IF(MEQ.12*151,00) A(25701+MH120) = JZSRC(111200) +
1 A(25701*M; 1200)

C
C ..... EZ ENVELOPE COMPUTATION.....

A(?69?6*M;?4) =0,5 * (A(2b27b-M;24)+A(26301.M;24))
U)4 = VAbS(A(26%'26+M?.4);D4)
HY = D4.GT.A(2b951+M424)
A(?6951+M;24) = QbVCTRL(D4tbY;A(269q51.M;24))

C
D5 = QBVCMPPS(A(25700*M;1200),IX;Di)
06 = VAbS(D5flDb)
B= D6*6T.A(?697h+M;48)

50 A(?6976*M;48) = QbVCTRL(D6bblA(26976+M;48))
C
C ***0 HX ITERATION..o.

00 60 MA=193
M4 JOEL + 15SoO*(MA-1)

C
C ooo*.MAIN HX LOOPS .....

Dl =A(llb?6+M;1199)
0D2 A (PS1.M; 1199)-A(88?6,M; 1199).A (10201.t4 1199)

1 -A(25701.14 1199)
A(11526*M;1199) = Dl 4 02

C
C *o...tX ENVELOPE COMPUTATION.....

AC127Sl+M;24) = 0*5 * (A(12101.M;?4)+A(12126+M;24))
U)4 = VABS(A(12751*M;24);D4)
HY = D4.(iT.A(1277b+MI24)
A(12776*M;2) = QaVCTRL(D4,dYA(12776*M;24))

C
U5 = OIAVCMPRS(A(115?S.Ml1200)9IbXW5)
U6 = VARS(06')
H.7 = Pf6.GT*A(12801+M;48)

60 A(1?801*M;48) Q8VCTRL(D06,2ZA(12801*M;4d))
FPEE

C
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C *..Y lTEkATI0N.....

ASSIGN D299DYN*114h
C

00 70 MA=193
M = JDFI + 1b506*(MA-1)

C
C .....SOFT LATTICE TRUNCATION .....

AA(1= O*.) * (A(?9h0j.m)*A(?4h02.M))
AA(24461 = a.333 * (A(29601M46)+A(2b2+M;46)

1 *A(?91,03*m;4b))
AA(4!9) = 0*5 * A2h7k*eb4M)

AAA(111200) = U8VAX'Ni)(AA(1;4d)9t"W;AAAc1;1eJ())
A(29601+M;4F) = (~MVCMPRS(A(?,M:1?0o)9120A;iA(?%fhd1M4i))

C
C ...,.MAIN HiY LOOPS.,...

1 = A(?Ii27?.M;11e)

AC?8352+M;11985) =01 + i

C
A(28351.t4;1?00) =(AdVCTRL(AAA(1?100) ,brJ1A(e't351.MA1?OO))
A(?ES351+M;1200) = Q8VCTkL(U.0,,,X;A(?$43.-,14M1?00) )

C ..... HY tENVELUPE COMPUTATION .....

U4 = VAbS(A(29576+Pw;24)lD4)

H= DA.GT.A(29hS31+M24)
70 A(29651+MI?4) = QVCTRLCO)4,,YA(29651+M;2'))

FREE
C
C ..... HZ ITERATION...,.

ASSIGN 01,.OYNe1173
ASSIGN V?,.OYN.1173

C
00 80 MA=),3
M = JOEL + 15,O*(MA-1)

C ..... SOFT LATTICE TRUNQATION.....
AA(?) = * * (A(15427.Pm)*At~tb'?8M))

I +A(1542'.M&45))

AAA(1!1200) = (4VXPN0(AA(1;4.boh;AAAU;120))
A(15426*M;48) =QVC'PRS(AC14177.M;1200),bW;A(IS42b.M;4P))

C
C 00*..MAIN HZ LOOPS.....

Dl = A(.1420?*M;1173)
D? = A (?30?7.M;1173)-A (75?7.4; 1173) .A (fi~14 1173)

1 -A (48b52'Nl 1173)
A(14?0?*M 1173) = 01 + D?

C
A(14176*MU1200) = 8CR(A(t~Ogb$(47NM10)
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A(j4j76+Pl1?OO) uitVCTkLcO,rgt)(;A(1417eh.m;1r0)

C *...Z LNVELOPE COMPUTATLICN .....
04 ;;B*59 (A (14776fr;?4) ;f)4)

t= D4.(.T.A ( 1,47b+m;t?4)
POf A(1',476+M;?4) = (JHVCTRL(r)49MY;*A(1547b.M;24))

tA CONTINUF
IF WC A L )b 4

C 4**0* Tk.ANSVERSE PLANt NO* 101.....
'A = Q9 * 15500

c
c *...I-q tZ T INCATJONS.Geoo

A (230O.1?d A(15561+M;1etG)
A(15501+M;1?6iO) A A(16 7 InI +M I 50)
A(16751+?-,S1250) =A(7r501+M;1I',0)

A (2 57 0 1.I+'?5J 0 A ( I i 01 + A; I b 0
A(1P001.P~j1 0) A (19251+m~l~bO)
A (14 2.'i .c 1 SL M 0?1 .M; 1) A~0~+P~ 0)

C ...- ITkzPATIONe,...
ASqSI G N 1 y N .1110%
ASSIC'N L?o.)YN.ll1"9

1 -A C2S?01+ti 1199)
A(11526+M;11Qd) = DI + 02

C
A(1?751+Ml?;4) 0 .b * CAC12101.PA;24)A(121?b+MI?4))
04 = VAt.S(A(1?7'51+PI?4);D4)
H= f4.6TA1?77b.m;?4)

A(127760A9?4) = bVCTRL(D4,1Y;Ah(1?776+MI24))
C

05S = VCM.PS(A(1155M;120)tX;flS)
16=VAEHS(05;Ub)
=s r6*.T.A(1dpi01+M44h)

A(12901.tP;4&) = GiQCTRL(DbqoiLA(1?kflMl4t5))
FRET

C
c o..hiz ITERATIONe..

ASSIGN blv.[)Yi.1173
A'SSIGN U?ae.I'1.1173
AA(?) = O.S * CA(1S427+m)+A(1-)4?0M))
AA(3345) = 0.i333 * (AC154?7+.;4S)+A(1j,428+ml45)

I *A(15429+MI4S))
AA(48) = 0.r- * (A(j5472+P)+A(15473+m))
AAACJA1?OU1) = IJt1VXINoAA(1;4')RWAAA(1;1?UU))

A(I4?+MP)= UkVCMPPScA(14177M;1?0),boA(lt,4~.M;4p))

01 =A(14?6?+PA!1173)
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* U2 zA(23027,M;1173)-A(75?7.m;1173) .A(88S1.P'1173)
1 -A (85e+o 1173)
A(1420?*Mlll73) =D1 + D2
A(14176.M$1?00) =08VCTRL(AAA(191200) ,tWA(1417b.M;12G0))
A(14176+M;1200) = Q8VCTRL(0.0qhX&A(1417b.m;1?00))

C
04 = VABScA(14776*M;24);D4)
8Y =D4oGToA(15476+Ms24)
A(15476+M;24) = Q8IVCTRL(D4,tY;A(IS47b*M;24))
FRE

94 T3 = SECOND(CP)
PPINT 150, T3

C
C e....FIEL) ENVELOPt PRINTOUT ROUTINE**....

DO 100 L=NHAL~,NMAXNHALF
IF(N.,EO.L)ciO To 101

100 CONTINUE
IF(NEQ.NPAX)GO TO 101
GO TO 199

C
C ,*,,AT HORIZONTAL (ThSEVATI0N PLANoe...

101 IFCN.EQ.NMAX)IPUN1l
IPUN = 0
PRINT 1029 N

102 FORMATf1M1,'52X,27HEX ENVELOPE FOR TIME STtP =,15,
1 //,62X915HPLANE Z = 24*DX9//92X,1t1J9/)
CALL ENV(8801,20okCgIPUN)

PRINT 1039 N
103 FOPMAT(1H1,SX,27HEY ENVELOPL FOR TIME STEP =9159,

1 //#62X,1bHPLANE Z = 24*DX9//2X*1r1J,/)
CALL ENVC1OI26920,PRCIJN)

PRNT 104,t N
104 FORMATCI1152X,27HEZ ENVELOWL FOR TIME STEP =9159

1 //,62X,15HPLANE Z = 24*DX,//,2X,1t1J*/)
CALL ENV(11451920,RcIPUN)

C
PRINT 105, N

105 FOPMAT(1M1,5?X,27HHX ENVELOPE F~OR TIME STEP =,ISv
1 //,62XI1tiPLANE Z = 4*VX9//2,1t1HJ,/)
CALL ENV(1277b,20937697,IPUN)

C
PRINT 106, N

106 FORMAT(1H1,52X27HH4Y ENVELOPE FOR TIME STEP =915,
1 //962X915HPLANE Z = e4*DX*//gX,1M.J,/)

CALL ENV(14151920937l.7IPUN)
C

PPINT 1079 N
107 FORMATC1H1,52X927HHZ ENVELOPE FOR TIME STEP =9159

1 //962X915HPLANE Z = 24.*DX9//92X,1IHJ9/)
CALL ENV(1547b,2Gq376&79IkUN)

C
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C *....AT Vt:.TICAL SYMMhTkY PLANE.....
PRINT* 10o N

108 FORMAT(1H1,52X,?7IEZ LNVELOPt P0R TIME STLPI *9159
I //,6?AI7HPLANE X = 24@5*DX9//#2X,1Njo/)
CALL ENV(I147b,40,RC9IPUN)

C
PRINT 1099 N

109 FORMAT(1H1,S2X,27rnX ENVELOPL OR TIME STLP =9159
1 //962A,17HPLANE X =24.S-*DX,//92Xo1HJ9/)
CALL ENV C1?R01 ,409376.7,IPUN)
CURl = A(49*155OO,1017k) * HC * 73,33
CtIP2 = A(7H*1bbOO+l0lbl) * RC * 73.33
PRINT 150-P CURl
PRINT 1509 CU42

C

110 FOPMAT(11'1,bX,27HEY ENVELOPt FOR TIML STtP zv15,
1 //962A917HPLANE X = 2495*DX9//92XlHJ,/)

CALL ENV(1O151,40*RCIPUN)

19Q CONTINUE
?00 CONTINUE
?01 T4 = SECONLUC")

PRINT 150. T4
STOP
END

SUt~ROLTINE E.NV(LOCANUMSCALEgIPUNCH)
DIVENSION A(j1 5500 ,1P(4000),N50)
COPMON A

UO 1 1=1950
1 NN(I) = I

C
00 2 LY?.9100
LOC = LOCA + (LY-1)*15500 * 4
LOCI = 1 * (Ly1l)*40
IP(LOCI;NUM) = SCALE * A(LOC4NUM)

2 A(LOCINUM) =0.

IF(IPtINCH*4EQO)GO TO 5
DO 3 LY?.9100
LOCI I * (LY-1)*40
LOCII LOCI - 1 + NUM

3 WRITE (P,4) (IF(LL) ,LL=LOCI9LOLII)
4 FORMAT(1016)

C
5 LXM = NUM/?0

DO 8 LX=19LXM
LXA = 1 + (LX-1)*20
LA z LXA * 4
LZ = LA + 1
0O 6 LY?.9100
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LYY =102 - LY
LOCI L)CA *(LYY-1)040
LOCH LOCI + 19

6 PRINT 79 LYY9 (IP(LL),LL=LOCILOCII)
7 FORMAT(1X*13*SX,2016)
8 PRINT 9, (N.N(LL)LLLAgLZ)
9 FOPMAT(//,I8X92OI69//////)

C
RETURN
END
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3.0 DATA CARD FORMAT

3.1 Type of Medium at Each Lattice Cell

For most realistic interaction geometries, data cards are needed to

specify the type of medium at each location of an electric field component.

Up to 9 distinct media can be efficiently specified within a lattice using

the following format.

Using the Fortran statement 4 FORMAT (75F1.0) a medium-type integer

1, 2,..., 9 can be assigned to the 600 locations of an electric field com-

ponent in one plane j = constant with only 8 data cards. The 600 locations

are ordered as shown in Figure 1. Within the 75FI.O format, we have:

Assigns Type Integer to
Data Card Consecutive Locations

1 1 -75.

2 76 - 150

3 151 - 225

4 226 - 300

5 301 -375

6 376 - 450

7 451 - 525

8 526 - 600

In all data cards, column 25, column 50, and columns 75 - 80 are left blank.



kE k E kE

23 23 23 576 577 578 ... 598 599 600

22 22 22 551 552 553 ... 573 574 575

21 21 21 526 527 528 ... 548 549 550

2 2 2 51 52 53 ... 73 74 75

1 1 1 26 27 28 ... 48 49 50

0 0 1 2 3 ... 23 24 25

1 2 22 23 24  i E

x1 2 3 .. 23 24 25 i

E

2 3 23 24 25 i E

y

FIGURE 1 ORDERING OF THE ELECTRIC FIELD COMPONENT LOCATIONS

IN THE LATTICE PLANE j = CONSTANT
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3.2 Equivalent Electric Current Aperture Excitation

For the case of the hybrid method of moments/FD-TD analysis, data cards

are needed to specify the Schelkunoff equivalent electric current excitation

at each point in the aperture plane marked by the location of an electric

field component. The electric current excitation is given in amperes/meter

and is normalized (for purposes of achieving a wide-range print out) to an

incident wave electric field of 104 volts/meter. In addition, the electric

current excitation is characterized at each point by an integer number repre-

senting the number of time steps of delay of the current relative to the

earliest appearance of current at any point within the aperture plane.

Using the Fortran statement 15 FORMAT (12F6.2,/,13F6.2), a current-

excitation magnitude can be assigned to the 600 locations of an electric

field component in one plane j = constant with only 48 data cards. The 600

locations are ordered as shown in Figure 1. With this format, we have:

Assigns Current Magnitude

Data Cards to Consecutive Locations

I and 2 1 -25

3 and 4 26 - 50

5 and 6 51 75

47 and 48 576 600

In all data cards, the quantity 0.0 is assigned to electric field component

locations either at the boundary of the aperture or outside of the aperture.

In all even-numbered data cards, the quantity 0.0 is assigned to the thir-

teenth entry (columns 73-78).

Using the Fortran statement 16 FORMAT (25F3.0), a current-excitation

delay can be assigned to the 600 locations of an electric field component in

one plane j = constant with only 24 data cards. The 600 locations are order-

ed as shown in Figure 1. With this format, we have:
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Assigns Current Delay
Data Card to Consecutive Locations

1 1 - 25

2 26 - 50

3 51 - 75

24 576 -600

In all data cards, the quantity 0 is assigned to electric field component

locations either at the boundary of the aperture or outside of the aperture.

Further, in all cards, the quantity 0 is assigned to the twenty-fifth entry

(columns 73-75).
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